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THE ARRANGEMENT OF MACHINE 
SHOPS.—No. XII. 


By Joseph Horner. 


Havine stated the advantages of long shafting 
drives when these are installed under ideal condi- 
tions, it seems desirable now to discuss some of the 
leading aspects of the motor-driving systems that 
are applicable to machine tools. 

Motor driving has been discredited in some 
instances because the most suitable type has not 
been installed. Electricians have not always under- 
stood, nor tried to grasp, the requirements of 
machine-tool users, nor have machine-tool builders 
cordially welcomed the innovations and reconstruc- 
tion of patterns which the fitting of motors entails. 
Allied to this is an initial difficulty, which is ex- 
perienced in making selection from the two systems, 
the alternating or the direct current; and from 
motors, as the shunt, the induction, or the series- 
wound, the constant or the variable speed designs. 
Machine shop designers and managers may well be 
excused when they hesitate to adopt en bloc a 
system which presents many perplexing aspects, 
and one with which they are not very familiar. 

But conditions have changed vastly since the 
early application of motors to machine tools. Both 
machine-tool makers and electricians have received 
an education in these matters. It is paralleled some- 
what by the design and fitting of motors to crane 
service, only that this has been a much simpler task, 
and thus much more readily accomplished than the 
sister problem of driving machine tools. The 
explanation of the difference is that the variations 
in the requirements of cranes of all types are far 
less extensive and exacting than are those of the 
great typical groups of machine tools. The difference 
is consequent mainly on the problems of a larger 
range of variable speeds, of frequent reversals, of 
peak loads on some machines which vary in 
different groups. The early attempts to adapt 
motor driving to cranes failed because the cranes 
were designed for another kind of drive, and the 
result was anomalous. So with the machine tools. 
Not until after the advent of the high-speed tool 
steels was the problem attacked and solved in a 
rational manner. This new cutting agent radically 
changed the designs of machine tools, and the change 
was favourable to the grafting-on of the electric- 
motor drive. With the much heavier duty imposed, 
the belt changes were bound to go—slipping belts 
and. the changing of heavy belts on their cones 
being found impossible. Changes by gears followed, 
and the single-belt pulley drive, and then for the 
single pulley the motor running at a constant speed 
and built into the machine, or driving it through 
a single belt or through gears, was an inevitable 
evolution. Yet this solution does not meet the needs 
of all machine tools. In some kinds reversals are 
necessary, which have. previously been made by 
crossed belts, or by reversing gears. So the reversing 
design of motor was introduced. Then the vibra- 
tions of gears and the changes effected mechanically 
being sometimes undesirable, the adjustable speed 
motors came into the field. Along with these 
advances corresponding improvements were effected 
in the controllers. And now in course of develop- 
ment is the final phase of designing machine tools 
to include the motors as integral portions, instead 
of extraneous and chance excrescences—after- 
thoughts. This is favoured by the reduction in the 
dimensions of motors for equal horse-powers which 
has been effected. All these movements collectively 
may be expected to modify considerably the present 
attitude of those who have to effect the arrange- 
ments of new shops, in the direction of lessening the 
shaft drives and increasing that of motors. 

A powerful impulse was imparted to the develop- 
ment of individual electric driving by the introduc- 
tion of the floor-plate system of machining heavy 
articles and structures when in course of erection. 
Previously, such portable machines as were used 
—drills chiefly, and cylinder-boring machines, and 
refacing machines for valve faces—were driven by 
ropes or by flexible shafting, which were often in 
the way. The electric motor and the pneumatic 
system between them have changed all that, so that 
each portable tool has its own independent drive. 

Not the least of the claims which motor driving 


may make is that it enables the power which 
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machine tools absorb to be estimated within a close 
degree of accuracy that was previously unattain- 
able. Remarkable facts relating to the planer when 
cutting, reversing and running idle were published 
a few years since, and have had their results in a 
better practice. The enormous amount of power 
which is absorbed in cutting with tools of high- 
speed steel was ascertained, and came as a startling 
revelation when it was compared with the very 
small demands made by the old lathes, using straight 
carbon steel tools. Now it is common to estimate 
very approximately the power required for all 
machine tools, and to rate the driving accordingly. 

Reasoning from analogy, the general conclusion 
might be justified that the individual motor drive 
is economical whenever the work is so heavy as to 
entail trouble with belt arrangements. One may go 
farther than this, but the belt seems the dominating 
fact. If a belt is able to drive a machine without 
slip, or rapid wear and tear, and without frequent 
shifting, then the belt drive, if regarded alone, is 
justified. But if it is not able to do so, the case 
for an individual motor is strong. There is no doubt 
that as time goes on modifications will be made in 
motors and in machine tools which will have the 
effect of rendering each better adapted mechanically 
to their mutual requirements, and more economical 
relatively to the shaft and belt drives. The move- 
ment grows, but the conservative practice of shops 
cannot be superseded in a brief period. 





slack, he tightens it to the best of his judgment. 
If it breaks, he inserts a new piece and relaces it. 
A slack belt is sometimes run on pulleys or cones 
which are not in line, until time can be found for 
taking it up. Resin is dusted on to increase adhesion 
—a temporary expedient, a bad practice, injurious 
to the belts. But now, in some advanced shops, the 
tensions suitable for the individual belts, corre- 
sponding with their velocities and arcs of contact, 
are being taken away from the province of guess- 
work and are stated on a card for the use of the 
belt tightener. This is a section of the Taylor 
methods—allied to the Route system—but one 
which is not open to the dislike which most skilled 
mechanics entertain towards clerkly routing. In 
this system a Barth slide rule is constructed by 
which the tensions are read for the various condi- 
tions which exist for each individual belt drive. The 
belt fixer is provided with a bench on which, and 
in the line of the belt to be stretched, a pair of 
tension spring scales is fixed, and connected by 
means of screws to the clamps which grip the belt 
ends. The spring balances are wound up with 
screws until they read the tension required in the 
belt. The length being thus obtained, and the 
length of joint necessary, the belt is cut off to‘that 
length, and either laced or spliced with cement. 
The latter is done when insertion pieces have to be 
put into old belts. The estimated time required 
for removing, tightening and replacing a: belt is 
| given as from six to eighteen minutes. 





| 





As the case stands at present individual motor; When this system is installed belts are examined 
driving for the lighter machines is not welcomed | and tested, and, if necessary, replaced, at stated 
with general favour, most firms preferring to retain, intervals, more often during the first year of life, 
and even to newly instal belts, shafting and pulleys less frequently afterwards, when most of the 
as of old. And if we look closely into the reasons stretch has been taken out. But the belts are not 
for this we shall have to associate this attitude in | allowed to continue so long without inspection as 
a very large degree with the question of belt effi-| to risk breakage or serious loss of efficiency, con- 
ciency. The objections made to the older method | sequent on stretch. The time allowed for each belt 
of driving do not apply to the bearings alone, but | to remain in service without overhauling is put on 
to the shaft transmission system as a whole. Yet| record, and at the expiration of this time it is 
these objections lessen, and criticisms become | taken out and tested. It is just the old system 
weakened, because the new motor drive is in rivalry, | adopted in the locomotive shops, where the life of 
not with the shaft system of a generation since, but | parts is measured by mileage, instead of waiting for 
with one which has taken a new and vigorous lease | trouble. 
of life. Shafts, bearings and pulleys have been| {|} jg in driving the high-powered machines from 
greatly improved, and have thus contributed to the | coyntershafts that belt troubles are most pro- 
rehabilitation of the belt drive, with which they | nounced, more so than in the line shaft drives. 
are in vital association. But when criticism is urged | This was brought home by the striking results 
against the ‘shortcomings of the system, it is,| which followed the introduction of the high-speed 
consciously or unconsciously, directed more vigor- | steel] tools. ‘The general employment of the tool 
ously against the employment of the belting itself | steeis has done more for the advance of individual 
than to the lines of shafting and their bearings. | electric driving than any other single cause. The 
Belts are admittedly costly and inefficient, and are a | ojq belt drives were impossible when the horse- 
perennial cause of troubles, of interferences, delays power required was trebled or quadrupled. The 
and accidents. No one likes belts. They are regarded | cutting was limited by the slip of the belts. Even 


as evils, but whether they are necessary or tolerable | when the change was made to wider belts and 
or not depends on the conditions in which they are 





used. Threatened lives live long, and belts are no 
exception to this adage. 

The fact that belts receive more careful and 
intelligent treatment than they formerly did, when 
taken in association with the higher initial outlay 
on individual electric motors, is the best reason for 
their retention. In fact, in some measure the use 
of belting is becoming standardised in some quarters 
by the employment of tension-measuring machines. 
Another contributory movement bearing on the 
practice is that the fastenings are made more neatly 
now than formerly, with the result that joints are of 
more nearly equal thickness and continuity. Yet 
another is the employment of dressings more suit- 
able than those that were formerly employed. And 
along with these goes a better knowledge of the 
conditions of driving, which concern the centres of 
the pulleys, the diameters of the pulleys, the direc- 
tion of the drive, the general abandonment of jockey 
pulleys, the occasional substitution of link belting 
and of chains for short drives, and of woven beltings, 
in some situations and certain conditions, for the 
leather beltings ; all of which movements tend to 
a higher general efficiency and bestow a new and 
probably a lengthy lease of life to the belt drives, 
and thus enable them to meet the rivalry of 
electricity. 

With reference to the important work of belt- 
tightening, this has been and is still usually left 
to the man who has general charge of the belts— 
the peripatetic ‘‘ strapper.”” When a belt becomes 


| wider cones these did not permit of the exercise 
of the full capabilities of the tools. Out of this grew 
|the practice of rating lathes by their cutting capa- 
cities, instead of by the purely arbitrary one of 
height of centres, and then the motor became the 
convenient and accurate measure of the power 
which a lathe (or other machine) was exerting, 
by which any variations in the output could be 
kept in constant check. Some of these records were 
rather startling in the early days of high-speed 
steel practice. And now, when the straight carbon 
steel tools are fast disappearing from the shops, the 
advantages of the motor drive are being more 
highly appreciated. The same kind of thing was 
of perennial occurrence in all the heavy machine 
shops before that era. To attempt to increase the 
depth of cut or the feed, or to increase the speed of 
a machine, was often rendered abortive by the slip 
of the belt. This controlled the output of the 
machine and reduced its efficiency. So labour 
wages, which are vastly higher than power costs, 
were permitted to mount up in order that an 
inefficient system of driving might be retained. 
This, less than the obstinacy of the workmen, 
explained the poverty of speeds, cuts and feeds. 
The attempt to get much more out of the existing 
machine tools than they had been designed to 
accomplish was inevitably doomed to failure. The 
new wine and the old bottles again. In this unequal 
contest the output of machine tools came to 
assume the dominant consideration, and the cost 





of power had to take @ secondary place. Yet the 
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value of a machine should be estimated by how 
much work it can do, not by the amount of power 
which it takes to drive it. 

The usual considerations which induce firms to 
adopt all-electric driving, or the small group system, 
assume two aspects, which are of a distinct 
character. One concerns chiefly the disposition of 
the machine tools, the other the speed variations. 
There are many subsidiary related aspects of the 
problem, but they come under one or other of 
these groupings. 

The disposition of machine tools is the aspect 
of the subject which appeals most cogently to the 
shop manager. When line shafting is adopted, or 
even fairly large groups of motor-driven machines, 
the machines and the shafts must occupy certain 
rather rigid relations to each other, relations which 
have to be considered from various points of view. 
The length of belt drives and the disposition and 
tensions of belts are involved, the avoiding of the 
interference of the belts with the movements of 
cranes and with the slinging and handling of work, 
the necessary protection of the workman from 
moving belts, the anticipation of the possibility of 
the introduction of new machines, with the addition 
of their driving pulleys on those portions of the 
shafts away from the bearings. These are problems 
in addition to the blocking of light by the belts, the 
lodgement of dirt on them, and the cost of their 
upkeep. Also, in case of repairs involving stoppage, 
the longer the line shaft is, the larger is the number 
of machines laid idle, and if overtime is being 
worked on one or two machines, the greater is the 
useless friction of bearings. Belting, moreover, is 
a prolific source of danger. Many sad accidents 
happen in consequence of the necessary shifting of 
belts between the steps of cones, as well as by the 
replacing of belts that have slipped off line shafts 
and countershafts. The increasing employment of 
mechanical shippers lessens some of these risks, but 
these cannot be fitted to the cones of the machines. 

The facts and conditions which environ the 
employment of line shafts and belting hamper much 
the disposition of the machine tools. It is very 
difficult, unless a shop is a replica of one in which 
similar experience has been gained, to dispose of 
the tools in such a way as to reduce all difficulties 
to a negligible minimum. The old shops, with their 
long vistas of belts, cannot be regarded with satis- 
faction. The whole of the evils just enumerated are 
present, and it is difficult to minimise them. 

Further, the basis speed variations of individual 
machines. are effected by the countershafts, and 
afterwards by provision of stepped belt cones, back 
gears, or speed-gear boxes. The latter afford the 
best solution of speed changes when shaft driving 
is adopted. But the variable speed motors provide 
a wider range, without the disadvantage of having 
to stop the machine when changing a speed, which 
must generally be done when speed gears are the 
medium. From this particular aspect it should 
follow that the case for electric driving is more 
decisive when speed changes have to be made 
frequently than when the speeds are more con- 
stantly maintained during lengthy periods. And 
though the gear box goes a long way in effecting 
frequent changes, as being vastly superior to belt 
cones and back gears, yet it is an expensive fitting, 
the cost of which would go towards providing a 
large proportion of the price of a motor. The best 
solution of all for a large range is a variable-speed 
motor, with a single pulley drive, with or without 
a supplementary gear box. 

When considerable idle periods are occupied in 
setting work on machines that i: a condition which 
is favourable to individual motor driving, because 
the motor is not using current auring that period, 
whereas shafting is running the whole of the 
time. Another case favourable to motor driving 
is that where a large quantity of belting is used 
per machine. Notably this is the case in cylindrical 
grinding machines, for which, therefore, in the 
larger sizes, motor driving is now frequently pro- 
vided. But the widest and undoubtedly the best 
applications are those to heavy machines which 
have several distinct movements—the case of cranes 
over again. Few such are now built without motor 
drives, or at least they have the alternative to the 
motor or motors provided for in the design of the 





framework. It is a concession alike to the con- 
servative and to the progressive shops. In the big 
machines the motor is better than belts or gears, 
not alone for speed changes, but also for elevating, 
cross rails, and travelling carriages. 

The final triumph of the motor drive is accom- 
plished in cases where machine-tool builders work 
in close collaboration with electricians, and adopt 
designs including motors as an integral portion of 
their machines. Too frequently these have been ex- 
traneous additions attached overhead, or placed on 
the floor and belted to the machine, because no 
space on the machine itself was available. Some- 
times the motor has been placed high up, where its 
rotation has set up ‘serious vibrations in the 
machine. Its proper location is in or near the base 
of the machine, on the baseplate of a boring mill, 
or in the cabinet leg of a lathe or milling machine, 
or on an extension of the bed of a lathe in line with 
the spindle. 

The determination of the choice of motors most 
suitable to the varied services of the machine shop 
involves some other problems. There is a very large 
selection now available. A motor which is the best 
possible for one kind of machine is not the most 
suitable kind for a machine of another type. The 
choice of current is further involved, since some 
motors take direct current, others alternating. In 
a large, suitably equipped works each might be 
installed. 

From the aspect of the general machine shop 
the direct current is more useful than the alter- 
nating kind, because with it shunt-wound motors 
can be driven at constant speed, and these may 
include variable-speed changes. If an alternat- 
ing current be supplied, induction motors are used. 
These are self-starting. Then the speed changes 
must ordinarily be effected by mechanical contriv- 
ances, unless a resistance is inserted in the motor 
circuit, which spells loss of efficiency. Alternating 
current is either single or polyphase, the latter, 
of two or three-phase current circuits, at varying 
voltages. Aspects of this subject call for careful 
consideration contingent on the differences in the 
nature of the duties that are demanded of the 
various types of machine tools. A constant-speed 
motor cannot provide for the variations in the 
speeds of machine-tool spindles. Therefore, when 
it is fitted, speeds must be changed by mechanical 
means. Adjustable - speed motors are therefore 
employed when it is desirable that the changes be 
made electrically. A variable-speed motor is one in 
which speed changes are made, not by a controller, 
as in the type just mentioned, but automatically 
in the motor itself. This last does not receive much 
application in machine tools, as it does in cranes. 
It is associated with series winding. In this, when 
the motor has to respond to a heavy torque the 
speed lessens, and when the load is reduced the 
speed increases. 

The shunt-wound, motors fulfil generally the 
requirements of machine tools, both for constant 
speeds and adjustable speeds. or the first they 
are normal simple motors. For the second they are 
commutating pole motors with adjustable field 
resistance. For the first a gear box must be used, 
for the purpose of obtaining speed changes. For 
the second a controller is required for adjusting the 
speed. They may be reversible or non-reversible. 
There is a very large amount of detail about these, 
into which it is hardly necessary to enter in this 
connection. The compound-wound motor is suitable 
where variations in speed are required with a large 
starting torque. It may be set for constant speed. 
It is used with direct current. 

The larger the number of speed changes required, 
the more emphatic is the argument for effecting 
those changes by means of an adjustable speed 
motor. In present-day practice belts are ruled out 
in such conditions, the only rival being speed-gear 
boxes. To the multiplication and increase in com- 
plexity of these there are limits beyond which it is 
not economical or useful to pass. This is especially 
the case as the functions of machines are extended, 
with increase in the number of variations in speeds, 
until in the largest a single motor does not suffice, 
but two, three or four are necessary if the highest 
efficiencies are to be secured. Drilling, boring, ream- 
ing, tapping and facing are examples of one class ; 





the combination of variable speeds of rotation with 
the traverse of massive heads or carriages is another. 
The large range in the spindle speeds of some general 
grinders is another. The range of speeds and of 
feeds in milling machines is another. All these 
are suitable cases for the fitting of variable-speed 
motors, and each opens up the choice of more than 
one type, which can only. be determined after a 
careful balancing of the whole of the conditions. 
In some cases, as we have said, an adjustable- 
speed motor is used in conjunction with a gear box. 

If a large number of designs of motors have been 
evolved in response to the requirements of machine- 
tool builders and users, an equally large variation 
occurs in the machine-tool controllers. It is possible 
to obtain any controller that may be demanded, 
either ordinary or automatic, and suited to the 
varied features that characterise tools of different 
kinds, as a planer, distinct from a drill or a milling 
machine. In this, as in other things, designs are 
leading towards the standardisation which is the 
ideal of the manufacturing organiser and specialist. 

So highly satisfactory is the operation of the 
best machine-tool controllers that they go some 
way to set off the objection to the expense of fitting 
individual electric motors to the smaller machine 
tools. And there can be no question that these would 
be fitted more commonly than they are at the 
present time if the excellently designed gear boxes 
had not so generally superseded the belt control of 
speeds and feeds. One or the other was bound to 
take the place of the discredited belt cones. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the above Institu- 
tion was held on Friday last, the 16th inst., the 
chair being occupied by the President, Mr. Michael 
Longridge. The ordinary business of the meeting 
was first transacted, from which it appeared that 
54 candidates had been elected and that two trans- 
ferences from the class of associate member to that 
of member had been made by the council. 


Heat TREATMENT OF FORGINGS. 


Two papers were set down for reading and dis- 
cussion, one entitled “The Heat Treatment of 
Large Forgings,’’ by Sir William Beardmore, Bart., 
of Glasgow, member; the other, on “The Heat 
Treatment of Steel Forgings,” was by Mr. H. H. 
Ashdown, of Newcastle-upon-Tyne. Sir Wm. Beard- 
more being unavoidably absent, his paper was read 
in abstract by the secretary of the Institution. 
Mr. Ashdown’s paper, also in abstract, was read by 
the author. Both papers are printed in full in 
another part of this issue. 

Sir Robert Hadfield opened the discussion. He 
remarked that the Institute was greatly indebted 
to the two gentlemen who had taken so much 
trouble in preparing papers. Anything coming from 
Parkhead and Elswick was entitled to very close 
attention, representing, as it did, the best practice 
of the day. His own personal experience did not 
relate to small numbers of large forgings but to large 
numbers of small forgings. In making these 
forgings his firm had been careful to pay particular 
attention to temperature, whether of the reheating 
furnace or of subsequent operations, by means of 
optical and other pyrometers. It was absolutely 
necessary to take temperatures at every stage, not 
only of the furnace, but, in the case of heavy forgings, 
of the forgings themselves. If, as Mr. Ashdown 
had pointed out, this were done, and the steel were 
of suitable quality, it could be ensured, almost 
guaranteed, that there would be little or no trouble. 
It was most inadvisable, especially with the harder 
steels, to put cold ingots into a hot furnace; the 
temperature of the furnace and the ingot or blank 
should rise together, so as to ensure slow and 
consistent heat treatment. His firm had been led 
to study the question in connection with the = 
of manganese steel forgings, manganese being 4 
bad heat conductor; and, while ordinary steel 
might endure abuse, any abuse of such a special 
alloy steel would lead to serious difficulties on 
account of the conduction of heat. In the case of 
manganese steel, the ingot would not have been long 
in the furnace before a clink was heard ; or, if the 
clink were not heard, cracks would be sure to appear 
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later on, resulting in spoilt and waste material. But | illustrated, the temperatures at which the trans-|the transformation of the steel would then have 


success could readily be obtained, even with such 
special steels as manganese and nickel chrome steel, 
provided care were taken gradually to heat the 


formations took place, and the etching material 
employed. By themselves, the illustrations con- 
veyed very little. Generally, it was clear that one 


| taken place in the thin parts and in the outer layers 
| of the thick parts, but not in the central portions 
of the thick parts, which would still be above the 


object to be forged. It would illustrate the critical | steel was overheated and another “ normalised,” but | critical point. When, therefore, the forging had 
nature of this point if he said that in dealing with | whether the constituents were cementite or hardenite, | cooled down as indicated, if it were returned to the 


such ingots there was a better chance of success 
if they were allowed to heat near the furnace, so 
as to get up to a temperature of, say, 200 deg. C. 
or 300 deg. ©. Cooling should also be carefully 
watched and supervised. Except in the case of 
very soft steel—and sometimes then—it was 
dangerous to take forgings and allow them to cool 
in the open or without proper attention. Sir 
Robert then explained that instead of throwing the 
shell forgings he had referred to into a heap, a 
small trolley* was used, and 15 to 20 blanks were 
placed on this trolley in such a way that no one 
blank touched another, the cooling down being 
uniform. This uniformity of cooling had, so far 
as he was aware, avoided any failures under test. 





Fig. 1. 


Many members, Sir Robert said, would have often 
heard the term “ normalised,” which was really a 


or what else they might be, was not manifest. 

Dr. W. Rosenhain, who spoke next, expressed 
himself as entirely in agreement with both of the 
papers under discussion. It was, he said, scarcely 
necessary for him to attempt to explain, to those 
who were not experts, the meaning of the somewhat 
hieroglyphical illustrations accompanying the paper ; 


| furnace, and allowed to heat up for a time sufficiently 
|long for the thin parts again to rise above the 
| critical point, the outer layers of the thick parts 
| would also have risen above the critical temperature, 
| and the whole forging would be in a uniform condi- 
tion, and could then be heat-treated at a uniform 
temperature. Knowing the time which had elapsed 


there was an adequate literature available for that | since any part passed above the critical point—the 


purpose. He would say, however, that personally he 


thing that mattered—uniformity right through 


had never been under any delusion as to the identity | could be secured. That method was perfectly 


of operations in the laboratory and in the works, 
but there was a definite relation between the two. 
If in a laboratory it were possible to produce a 
certain structure, subject to an identical rate of 





| 


rational and practical. In the case of very large 


forgings, which might reasonably be handled 





individually, the method described might prove 


easier than the other methods of protecting the ends. 


cooling or heating being applied to a forging, ! This treatment was often specified, as “‘ double heat 
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very proper attempt to produce steel heated up to a | 
known and reasonable temperature and cooled in | 
a known and definite manner and time. In- 
cidentally, Sir Robert mentioned that in America | 
a large steel works had taken the temperature of | 
several hundred heats, and had found that, by | 
proper supervision and control, the temperature of | 
the fluid steel did not vary more than about 
30 deg. C. The need for care was applicable not 
only to ordinary steel forgings, but particularly to | 
those of nickel, chrome, and other special steels. } 

Sir Robert referred to the statement, often made, | 
that constant vibration would set up a particular 
kind of crystallisation in a steel article, and remarked | 
that he had no experience of steel breaking in that | 
manner. The old theory that large crystals were 
formed was quite inaccurate. The large crystals | 











Fig. 4. 


seen in many fractures existed because the original identical results could be produced in a works, as treatment,” in connection with small articles, but 


Fie. 5. 


structure was coarse ; vibration would only develop Mr. Ashdown had, in effect, contended. The | the effect was similar in the case of large ones. Dr. 
from an original defect or disease in the steel | 


. : | difficulty was in getting the same rates of cooling, Rosenhain desired to sound a note of warning as 
forging or other article when first produced. The | or, as Sir Robert Hadfield had remarked, in getting | to the injury which could be done, and frequently 
cams of stamp batteries, which were subject to|the steel to stand them. A bar of steel 1 in. | was done, to steel by prolonged heating below the 


vibration day in and day out, were frequently 
instanced, but Sir Robert undertook to say that a 
properly-treated camshaft would never break as a 
result of vibration, so long as the stress did not 
exceed the elastic limit, which would never be the 


case in a shaft properly designed to take up the | 


stresses. Even with the best gas-fired or coal-fired 
furnaces it was impracticable to get the uniform 
temperatures so essential in dealing with steel, a 
more delicate material than people supposed. He 
hoped, however, that before long some method would 
be found of employing furnaces electrically heated, 
as with such furnaces better control over tempera- 
ture variations could be obtained. He trusted 
that this country would not long be behind America, 
where much was being done in this direction. 
The President, referring to Mr. Ashdown’s paper, 
remarked that there was much more to be said on 
the subject than was contained in that paper. 


|diameter might even be quenched in water and 
| stand without cracking, but disastrous results would 
| follow an attempt to reproduce the same rate of 
cooling in the case of a steel forging 3 ft. in diameter. 

It was necessary to use a different kind of steel, one 
| giving the desired structure with the rate of cooling 
| practically obtained in the works. 

With regard to Sir Wm. Beardmore’s paper, the 
suggested method of treating forgings of very 
unequal sizes, namely, to apply a heat-insulating 
coating to the thin parts, so protecting them from 
heating was probably satisfactory. But there was 
another and a practical way which might possibly, 
in certain cases, prove easier. It consisted in this : 
In the case of a forging heated to the temperature at 
which it was desired to cool it finally, t.e., the proper 
temperature of heat treatment, the thin pieces 














| 


critical temperatures, those between 600 deg. C. and 
700 deg. C. To illustrate his meaning he would 
exhibit a few slides on the screen. Before doing 
this he would point out that the structures illustrated 
by the two authors related to the distribution of the 
ferrite and pearlite in the steel; but the condition 
of the steel was dependent upon something beyond 
that consideration. Pearlite, examined under high 
magnification, possessed a fine duplex structure, so 
fine in some cases that the most powerful mag- 
nification would not fully resolve it. Neverthe- 
less it was a duplex structure of ferrite and 
cementite. Primarily the mechanical properties of 
steel were dependent upon the relative distribution 
of pearlite and ferrite, but the inner structure of 
the pearlite itself was also significant, and that 
inner structure might be completely ruined by treat- 


| would, by that time, have been overheated, owing ment below 700 deg. C. 


He | to too long an exposure to that temperature, as had | 


Dr. Rosenhain then presented his first slide 


regretted that more information had not been given | heen pointed out in both papers. If, however, the | (Fig. 1), which showed the typical structure of 
in relation to the carbon contents of the steels forging were transferred to a cooler part of the| pearlite. The magnification was very high, and, 

* We illustrate this arrangement on page 282 of | furnace, so that the thin portions cooled down below as would be seen, the structure was beautifully 
the critical point—a little lower than 700 deg. C.— laminated, consisting of thin, alternate layers of 
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cementite and ferrite, the white layers being the 
cementite (carbide of iron), the dark layers ferrite, 
practically pure iron. That condition was obtained 
with a steel that had been cooled fairly slowly, but 
the pearlite increased in strength and toughness the 
more intimately its two constituents were mixed, 
one of these being ductile and tough and the other 
hard and brittle. 

The second slide (Fig. 2) exhibited another 
example of the distribution of pearlite in a steel 
cooled moderately quickly, the magnification again 
being high. The amount of carbon was immaterial 
for the present purpose, since it merely affected 
the total relative amounts of pearlite and ferrite. 
It would be seen that the pearlite consisted of 
lamina, on a smaller scale, like the previous picture. 
If the same piece of steel were heated for a short 
time at a temperature between 650 deg. C. and 
700 deg. C., the nearer 700 deg. C. was approached 
the more rapidly the change would occur. Each 
of the lamin would break up into little spherical 
globules, a process whimsically described by Pro- 
fessor Howe as the divorce of the ferrite and cemen- 
tite in the pearlite. The two became separated, and 
the cementite rolled up into little globules. 

The next slide (Fig. 3) showed one of the little 
pearlite areas (or what should have been such areas) 
broken up into the little globules. Whereas 
formerly the lamine of ferrite and cementite were 
interlocked, and the whole mass of pearlite resulting 
from that interlocking was internally linked with 
the ferrite crystals, being so supported and strength- 
ened, in the present instance the cementite was 
nothing more than dust scattered through the steel, 
and was practically valueless as a strengthening 
agent. Mechanical tests of steel in that condition 
showed that the steel possessed the properties which 
would be expected from ferrite not supported by 
pearlite at all, namely, low elastic limit and extremely 
low resistance to shock. Unfortunately many of 
the ordinary tensile test specifications would pass a 
steel of that description without question. The 
moment a shock test was applied to such a steel, 
or if the true elastic limit were determined, a 
serious state of affairs would be found, which, 
however, could be remedied by heating the 
steel for a few seconds above the critical tem- 
perature and cooling it down at a reasonable 
rate. 

Dr. Rosenhain further remarked that Mr. Ash- 
down had spoken slightingly of the term “ fatigue.” 
The word frequently covered a “ multitude of 
ignorances.”” But wrong heat treatment of steel led 
to a low elastic limit, and consequently to fatigue 
failure. So long, however, as the stresses to which 
an object was exposed did not exceed the true 
elastic limit, there would, as Sir Robert Hadfield 
had pointed out, be no fatigue failure. What had 
to be looked for were defects seriously lowering the 
elastic limit, giving rise to local deformation under 
slight stresses, and resulting in the final disintegration 
of the steel. There was another danger attaching to 
heat treatment below the critical point. It had 
recently been found that where a steel had been 
slowly cold-worked, i.e., subjected to mechanical 
deformation at a point below its critical temperature 
—not necessarily quite cold, it might be blue heat— 
and the amount of deformation fell within certain 
limits, then, if annealed at a temperature below the 
critical point, a curious change took place, con- 
sisting of the growth of the ferrite into large in- 
dividual crystals. There, again, a very superficial 
examination might fail to reveal the condition. 
The tensile test showed very little, but the shock 
test fell to perhaps one-tenth of what it should be in 
properly treated material. By heating steel above 
the critical point and allowing it to cool down 
without prolonged “stewing” afterwards, both 
the dangers which the speaker pointed out would 
be avoided. 

In relation to Sir Wm. Beardmore’s paper 
Dr. Rosenhain showed two slides to illustrate the 
enormous difference in structure occasionally found 
inside and outside a large forging. The first of 
these slides (Fig. 4) showed the coarse structure of 
the inside of a turbine shaft which had failed in use, 
while the second showed the structure of the outside 
layers. Both photographs were of the same 
magnification. 








Dr. W. H. Hatfield welcomed the papers, as, 
owing to the increased demand for large masses of 
steel, it was important that the engineer should 
appreciate the technical difficulties in the path of 
the steelmaker manufacturing such large pieces. 
Engineers might be quite confident that the steel- 
maker knew his business, and the speaker considered 
that Mr. Ashdown had hardly done justice to 
himself in view of the diffidence he expressed as to 


ithe efficient application of scientific principles in| 


works practice. It was not easy, as Mr. Ashdown 
seemed to think, to produce in large masses the 
results obtainable with small pieces of steel. A 
large mass had to be heated slowly, and a long time 
was necessary when the critical point had to be 
passed, or any specified high temperature. Engineers 
should fully appreciate that point of view. Dr. 
Hatfield would ask Sir William Beardmore whether 
the figures given in connection with the ingot for 
the large rotor spindle mentioned in the paper 
represented one particular set of experimental 
results, or the average figures which the author 
regarded as obtainable in works practice from 
forgings of the size stated, namely, 60 in. in diameter. 
Sir William had also stated that “for an ingot 
83 in. in diameter the maximum size of the forging 
should not exceed 48 in.”” The speaker thought it 
inadvisable to state figures in this way, at all events 
without a good deal of qualification. The inference 
was that 83 in. was the minimum size of ingot from 
which a 48-in. mass could satisfactorily be obtained. 
Engineers would, however, know that there were 
occasions on which such a rule might not apply. 
Not only had the relation of ingot to finished 
forging to be considered; the temperature, for 
instance, at which a mass of steel was forged would 
have great influence, both on the final mechanical 
properties of the steel and on the way in which 
the work was taken up throughout the mass. 

Dr. Hatfield agreed with what had been said by 
Mr. Ashdown, and in the discussion, on the question 
of fatigue. To technical men who had studied the 
matter the word was indefinite and meaningless. 
If the elastic limit of the material were carefully 
determined, stresses within that limit would not 
result in rupture. Of course the elastic limit 
must not be exceeded even locally, because any 
irregularity in the surface or any minute surface 
defect would cause concentration of stress, and might 
easily run up the stresses in that particular locality 
above the elastic limit. He believed that circum- 
stance accounted for numerous instances of fatigue. 
Turning to one of the views in Fig. 3 of Mr. Ash- 
down’s paper, he thought it unwise to regard that 
particular microphotograph as representing invari- 
ably the drastic overheated condition of steel. Such 
structures were frequently met with in cases in 
which the steel had not been overheated. The speaker 
regarded Dr. Rosenhain’s suggested method of 
heating up unequal masses with some disfavour, but, 
in this connection, would communicate his views in 
writing. Dr. Rosenhain apparently stated: that 
annealing below the recalescence point was in- 
advisable, but the reasons submitted by Dr. Rosen- 
hain scarcely justified the statement. Anyone 
with experience in the commercial handling of steels 
knew that much could be said for low-temperature 
annealing. In conclusion, Dr. Hatfield suggested 
to Mr. Ashdown that the best way of enabling works 
to have the full advantage of scientific knowledge 
was the introduction into such works of young men 
trained on similar lines to the men who were doing 
research work. 

Dr. Carpenter desired to refer to th statement 
in Sir William Beardmore’s paper to the effect that, 
in order to obtain the best results in a forging, the 
ratio of the cross-section of the ingot to the finished 
forging should be 3:1. It was essential to realise, 
however, what were the implications of that state- 
ment. The larger the ingot the greater would be 
the difference in composition (particularly in 
relation to carbon) between the outside and the 
centre ; in other words, the greater would be the 
segregation. Moreover, the larger the size of the 
ingot the greater would be the contraction strains. 
One of the reasons for carrying out a considerable 
amount of forging on the ingot was to eliminate 
those two undesirable qualities set up in the ingot. 
For these reasons he thought Sir William’s statement, 





taken by itself, should be accepted with caution. 
To bring out his point Dr. Carpenter quoted a few 
figures, published in the Eighth Report to the 
Alloys Research Committee on the Alloys of 
Aluminium of Copper, made by himself and Dr. 
Edwards, and these figures we subjoin in tabular 
form :— 


Aluminium Bronze (10 per Cent. Aluminium) Forging. 
Ultimate Elongation 


Stress in 
per sq. in. 2 in. 

Sand casting 31.70 21.7 
1} in. diameter 35.03 31.5 
1} in. 37.7 30.0 
First chill 37.0 30.7 


In relation to the above figures Dr. Carpenter 
observed that the scale of working was small, as 
compared with Sir William Beardmore’s forging, 
nevertheless he regarded the results as an indication 
of what would happen in the case of larger pieces. 
The speaker had had a bar, 3 in. in diameter, cast 
and rolled down to 1} in. (nearly the ratio of 3:1), 
with the test results shown in the table, both tests 
showing a distinct improvement on the figures for 
the sand casting. The bar was next rolled down 
to }} in. diameter (somewhat exceeding the 3: 1 
ratio), and the improvement was, as would be seen, 
still greater. The effect of forging the 3-in. ingot 
down to }# in. was considerable interpenetration of 
the crystalline particles of the metal. But exactly 
the same result could be achieved by casting an alloy 
in a chill mould, as had been shown by casting the 
same alloy in the form of a body | in. in diameter, 
the figures being as given in the table above. The 
figures for this chill were nearly identical with those 
given for the material reduced in compression from 
3 in. to }? in., and that fact could be explained by 
pointing out that in casting the alloy in a chill 
mould the particles were largely preserved in the 
state of interpenetration produced by forging down 
a large ingot to a comparatively small section. 

Mr. J. H. P. Kemnal sought for greater informa- 
tion as to the cooling of steel. During the war he 
had had varying experiences with the heating and 
cooling of steel for shells, both large and small, 
and some of those experiences had been curious. 
He had had to deal with repeated instances of 
shells which, cooled in the shop and subject to 
draught, gave altogether different test results from 
those cooled in a protected place. Different results 
followed cooling in summer and cooling in winter, 
and many shells were rejected as a consequence. 
The point had therefore become of importance, 
especially as it extended not only to forgings for 
shells, but also to those for boilers, &. He knew 
of repeated instances in which forgings had proved 
brittle at one point, where exposed to draught. 
From certain experiments he had made he believed 
greater uniformity and reliability would be obtained 
with forgings if, instead of being laid in the shop to 
cool, they were placed in a closed receptacle, into 
which air was mechanically forced. On the question 
of fatigue, he thought the experience of most 
engineers pointed to its occurrence. 

The President remarked, in regard to forging, 
that the higher the temperature the more quickly 
the crystals grew ; but large crystals were undesir- 
able, therefore the forging must not be subjected 
too long to a high temperature. All the time the 
forging was cooling the crystals were growing ; 
therefore some means had to be adopted for break- 
ing them up, and, for this, mechanical work, such 
as hammering or rolling, was resorted to. In each 
case the volume of the crystal was altered relatively 
to its surface ; the surface of the crystal, the holding 
part, was increased, and with continued hammering 
until the forging was fairly cool the time arrived 
when the crystals were broken up more rapidly than 
they formed. Protracted hammering as the metal 
grew cold developed cracks, and the material would 
come to grief generally, just as a piece of cold steel 
that was strained. The essential thing to know was 
how long the forging should be continued, relative 
to the size of the piece, and therefore when it must 
cease. 

Mr. Ashdown then replied to the discussion so 
far as it related to his paper. Anent Dr. Hatfield’s 
suggestion that young men should be brought into 
works, he would say that he had eight students in 
his research laboratory, and these students were 
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doing their work on the pieces, not in the laboratory, 
but in the shops, under the practical conditions 
which illustrated the effect of steel treatment. The 
pieces were subsequently cut up and examined in 
the laboratory. Mr. Ashdown then proceeded to 
throw on the screen photographs of actual work done 
by the students, who, he explained, had had little, 
if any, laboratory training. Dr. Hatfield had also 
alluded to the question of fatigue, and had, the 
speaker considered, supported the opinion expressed 
in the paper, that fatigue was largely the result of 
the crystalline structure of the forgings. He 
scarcely thought that the electric furnace, so favour- 
ably regarded by Sir Robert Hadfield, would over- 
come ail the troubles incidental to forging, particu- 
larly in the case of a miscellaneous collection of 
forgings. As to the introduction of technical terms 
into works, he feared that the practical men, who 
ran most works at the present day, would have 
difficulty in understanding such terms, the signifi- 
cance of which, as in the case of “ cementite ” and 
“austenite,” was still under argument by the 
metallurgists themselves. The next generation 
might witness a change in this regard; at least he 
sincerely hoped so. Referring to the President's 
remarks, Mr. Ashdown would say that the size of the 
crystals depended, to a large extent, on heat treat- 
ment in forging. Of course the crystals were 
broken down to a marked extent by the forging 
operations, but, generally speaking, the crystals 
were not developed under forging conditions, not 
even in hammering; strains were set up which 
promoted cracks, but that did not give rise to the 
big crystals nowadays found in forgings. [In 
answer to a question by the President, the speaker 
stated that these big crystals did not altogether 
result from slow cooling.] The speaker had not 
quite followed Dr. Rosenhain’s explanation of the 
breaking down of the structure of a forging, illus- 
trated in Sir Wm. Beardmore’s paper, as he did not 
see how the structure of the internal portion of the 
shaft could be in any way affected. He had been 
interested in Dr. Rosenhain’s account of the separa- 
tion by heating under the change-point of the steel. 
Dr. Rosenhain may have been referring to the 
suggestion which the speaker had put forward, 
to the effect that furnaces fully charged with 
forgings should be maintained for some little time 
under the change-point of the steel. Dr. Rosenhain 
would appreciate that the temperature had been 
well over the change-point, and would agree that 
fusion would take place, but Dr. Rosenhain may 
have referred to a forging soaked under change- 
point and receiving no subsequent treatment. 
(Dr. Rosenhain assented. ] 

In relation to Dr. Hatfield’s criticism of the 
structures produced in the laboratory and those 
produced in works, Mr. Ashdown desired to point 
out that the illustration he had given was that of a 
hollow forging with a 10-in. wall, and he maintained 
that the same test results could be obtained as in the 
case of laboratory work, but, of course, with modified 
conditions. When, for instance, quenching a hollow 
forging with a 10-in. wall, the tempering temperature 
had necessarily to be reduced. [Dr. Hatfield 
observed that he had only applied Mr. Ashdown’s 
remarks to the larger type of forging.] Mr. Ash- 
down, continuing, said that the microphotographs 
submitted by him for the purposes of comparison 
were taken from actual forgings that had been 
drastically overheated, for which the speaker was 
more or less responsible, as well as for the refining. 
In regard to Mr. Kemnal’s remarks on cooling, the 
speaker would say that the variable condition 
obtained with the steels depended on the class of 
steel under treatment and on the finishing tempera- 
ture, while the subsequent treatment of the steels, 
quick or slow cooling, depended entirely on the 
specification. All the troubles could, of course, be 
governed by watching the forging conditions. The 
summer and winter effects on forgings, pointed out 
by Mr. Kenmal, might be due to the differences of 
light. Much higher finishing temperatures were 
worked to in the summer than in the winter, and this, 
again, would lead to marked differences. 

The President then closed the proceedings, 
announcing that the papers read would be further 
discussed in Birmingham on the 22nd inst., at 
7.30 p.m. At the next ordinary meeting, to be held 


on April 20, at 6 p.m., he would deliver his presi- | 
dential address. Further, it was proposed to hold a 
general meeting in May next. 





THE POWER REQUIRED TO DRIVE A 
PARTIALLY IMMERSED SCREW PRO- 


PELLER. 
By C. H. Hoxsr. 


It may be interesting to investigate in the manner 
described in my previous article “On Cavitation”’* 
under what conditions a partly immersed propeller 
appears to be working. The following data have 
been obtained, by the courtesy of Captain J. Bremer, 
of the Netherlands steamer Sophie H, from the 
official log-book of this vessel. 

During one of his last voyages out to the River 
Plate, Captain Bremer, feeling a great interest in this 
matter, collected the following facts, using the 
opportunities afforded by some exceptionally fine 
days :— 

1. Distance covered in 24 hours... 230 knots. 
Mean number of revolutions of 
engines per minute ... = 
Corresponding indicated horse- 
power ... ae ine «+ 1,072 h.p. 
2. Distance covered in 24 hours... 221 knots. 
Mean number of revolutions of 


70 revs. 


engines per minute ... -» 68 revs. 
Conmepaaiieg indicated horse- 
OWE? ... ove ose «+» 978 h.p. 
3. Distance covered in 4 hours... 36 knots. 
Mean number of revolutions of 
engines per minute ...- ... 66 revs. 
Corresponding indicated horse- 
power ... eee eee 904 h.p. 
The propeller has the following dimensions :— 
Diameter ° , 5.08 m. 
Pitch ove exe oon 5.08 m. 
Developed surface... an --» 7,80 sq.m. 
Blades. ... ove oo 4 


At the time of these experiments, the ship being 
in ballast, the propeller was only immersed to the 
top part of the boss, corresponding with an immersed 
useful area of blade surface of 59 per cent. of the 
original 7.80 sq. m. being in contact with the water 
during each complete revolution. 

Assuming 90 per cent. of the indicated power as 
being actually transmitted to the propeller, these 
data work out as follows :— 

1. Number of kilogramme-metres 


r secon’ ove eee ++» 72,500 kg.-m 
Velocity of ship per second ... 4.93 m. 
Maximum pressure _... --» 14,700 kg 
Pitch per second 5.08% 70 | 5.93 m 
Leaving a slip per second equal 

to eee eee eee eee m. 
This slip producing a pressure 
per square m. of eee 3.250 kg. 


And requiring a blade surface of 4.55 sq. m. 
To produce a total pressure of... 14,700 kg. 
59 per cent. of total developed 


area being... eee . 4.60 sq. m. 
2. Number of kilogramme-metres 

per second... oes --- 66,000 kg.-m. 
Velocity of ship per second 4.74 m. 
Maximum pressure... 13,900 kg. 
Pitch per second 508 x 5.75 m. 
This pitch per second would 

leave a slip of practically the 

same value as in the first case, 

but, if the pitch per second at 

the time had been 5 cm. less 

and thus ove bee -» 5.70 m. 
The’slip then found would have 

been ... ote ove --» 0.96 m. 
Producing a pressure per sq. m. 

equal to ove ove .-- 3,070 kg. 
Which, multiplied by 4.55 

sq. m., gives the total of 13,950 kg. 

3. Number of kilogramme-metres 
rsecond ... eee .-» 61,000 kg.-m. 

Velocity of ship per second ... 4.64 m. 
Maximum pressure... .-» 13,300 kg. 
Pitch per second 6.08 x 66 5.59 m. 


60 
Leaving a slip per second of... 0.95 m. 
This slip producing a pressure 


r sq. m. of ... oon .-» 2,930 kg. 
ich, multiplied by 4.55 sq. 
m. gives the total of --» 13,300 kg. 


In this second example the very slight difference 
observed can either be explained by considering 
that it requires 67.33 r.p.m. instead of 68 revolutions 
to produce the pitch per second corresponding 
with 0.96 m. slip; or, by calculating the ship’s 





velocity at the time when the indicator diagrams 
were taken to have been 4.69 m., instead of 4.74 m., 
per second, or any other difference in pitch and 
velocity per second leaving a slip value of 0.96 m. 
per second instead of 1.01 m. 

The velocity being obtained as a mean over 
24 hours, a slight error in counting the number of 
revolutions appears to be the most probable explana- 
tion, the exact correspondence of observation and 
calculation in the upper and lower limits giving 
sufficient evidence of the correctness of the assump- 
tion made as to the relation of indicated to shaft 
horse-power in this case. 

If so, the finding of a difference of so small an 
importance in its ultimate result appears only to be 
an additional proof of the reliability of the method 
employed to compare and to check results obtained 
in practice. 

The conclusion to be arrived at by this example 
tends to prove that a partly immersed propeller 
may be treated in the same way as a fully immersed 
one, when it is required to know how much power 
it will require to turn that propeller at a given 
number of revolutions, when fitted to a vessel having 
a given corresponding velocity. 











FReNcH SUBMARINES FOR THE UNITED States.—Theo 
American journal Motor Ship, Seattle, says that the 
announcement according to which Messrs, Schneider and 
Co., Creusot, France, have agreed to sell to the U.S. Navy 
Department a licence to construct their Laubeuf sub- 
marine has aroused considerable interest in the ship- 
building world. Their experience in submarines and 
submarine machinery construction work is so extensive 
that it is rather curious, says Motor Ship, that some 
American shipbuilder has not previously secured 
their licence and the advantage of their immense know- 
ledge of the subject. 





Tue Junior Institution or Enoingers,—The Council 
of the Junior Institution of Engineers, at the meeting 
held on January 25, 1917, passed a resolution having 
reference to extending the advantages of membershi 
to apprentices at approved works and students of suc’ 
technical schools and colleges as may be approved by the 
council from time to time. This approval would be 
determined by the curriculum which is existent or may 
be adopted in these schools and colleges. Broadly 
speaking, the proposal is that such students would be 
admitted at a reduced subscription, be permitted to 
attend all meetings and visits and, by means of the 
existing Junior Institution of E “* Engineers’ 
Register,” would be assisted in obtaining employment in 
engineering works when their course of technical study 
has been sufficiently advanced. Before proceeding to 
consider and discuss the matter the committee are 
anxious to obtain, more particularly from principals and 
professors of technical schools and from works managers, 
promises of support and comment. Communications 
are, therefore, invited in order that the committee, 
when considering further details of the scheme, may be 
guided by the experience of others to whom the project 
is of interest either directly or indirectly. 








ASSOCIATION OF DRAUGHTSMEN.—The secretary of the 
West eee Branch of the Association of Engineering 
and Shipbuilding Draughtsmen informs us that the first 
annual general meeting of the Hartlepool Branch of this 
association (Teesside and Hartlepool District) was held 
in the Technical College, West rtlepool, on Saturday 
last. Draughtsmen from all the engineering and ship- 
building firms in the district were present. Speeches 
were delivered, in the course of which it was contended 
that until recently draughtsmen had not been recognised 
in @ manner suitable to a profession of highly and 
technically trained men. The speakers remar that 
semi-skilled, and even unskilled, men todey were 
receiving much better remuneration than draughtsmen, 
who, in order to be proficient, must have years of training. 
Some employers were realising this, and it was worthy 
of note that the president of the engineering section of 
‘the British Association some time ago asserted that too 
frequently the drawing office staff were very much under- 
= , and that in cases where a saving had been attempted 

y curtailing drawing office expenses, a very 
deterioration had been noted in the ultimate efficiency 
of the works concerned. If, instead of reducing e 
in such a manner, members of the staff were allowed 
greater privileges for personal observation of actual work 
in progress, and if a little more appreciation were given 
them, beneficial results would most certainly accrue. It 
was further intimated that the aim of the association 
was to raise the social and intellectual standing of the 
profession and incidentally give employers more highly- 
trained men—a point which hitherto had been much 
neglected in this country. The membership of the 
association is now 6,000, and is rapidly increasing, 
branches having been established in practically every 
district in Great Britain and Ireland. A resolution was 
put to the meeting and carried unanimously to the effect 
that the Government be urged to amend the Munitions 
of War Act inasmuch as it affects the leaving certificates 
of draughtsmen. The Act affected this profession much 
more than any other, and was absolutely detrimental 








* See page. 239 of the last issue of ENGINEERING. 


to the national interests. 
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socket raised but empty. 
facturers of the machine are Messrs. J. W. Flower and 
Co., Eclipse Works, Wimborne, who state that after 
entering into a contract for the supply of shells they 
found it necessary to devise mechanical means for 
the rapid riveting of the discs into the base of the 
shells, riveting by hand being far too slow, laborious 
and uncertain. The result of their experiments has 
been the construction of the machine in question, the 
output of which, both in 18-pounders and, in the 
double-cylinder type, in 6-in. shells, is the riveting of 
sixty shells per hour, as against hand-riveting at the 
rate of one shell in eight or ten minutes. 

In the single-cylinder machine the pneumatic 
hammer strikes 740 blows per minute, and never strikes 
two blows at the same place, owing to the revolving of 
the shell during the riveting of the disc in its base. 
The two hammers of the double-cylinder machine strike 
1,500 blows per minute. Whilst riveting is proceeding 
the disc in the single-cylinder machine is held firmly 
in position by a plunger under the action of a powerful 
coil spring. It is claimed that when shells so riveted 
are cut in two it is impossible to detect where the disc 
ends and the shell y ins. 

The button shown in the vertical column of the 
double-cylinder machine, Figs. 2 and 3, is to prevent 













































































































































































The patentees and manu- | 


Wk: illustrate in the view Fig. 1 on the present page | danger of breaking the hammer piston head. ; _ aul 
an ‘ Eclipse’ patent single-cylinder riveting machine, | a 6-in. shell is in position it presses against the button | investigation, manufacture and treatment of steels in 
and 3 a double-cylinder machine, for|and releases the belt-striker. 
riveting the disc in the base of 18-pounder shells | the shell is revolved during riveting by worm and gear : : : 

and of 6-inch shells respectively. Fig. 1 shows the| operated from the top shaft by a belt transmissi fe ca ee Sree. Se Se See 
machine riveting the disc in the base of an 18-pounder| When the manufacture of shells ceases the mac 
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the operator working the machine without a shell | *Paper read before the Institution of Mechanical | 
inside the sockets, as when that is done there is the | Engineers, Friday, March 16, 1917. 
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When| ‘The author has been closely associated with the 
| all their 


The socket containing | part of ¢ 


negens for the past 25 years, and for the greater 
at period has dealt with them in a commercial 


100 | before the Institution in as practical a way as possible, 
hine | dealing with the subject from a commercial or works 


Fig. 2 shows the machine ready for taking a|can be used for ordinary riveting work on replacing | point of view rather than approaching it as a subject 
6-in. shell, whilst Fig. 3 illustrates the machine| the socket by a rising and falling table. 


| of research. 
Having thus oe out the course of the paper, 
the author has decided to exclude, as far as possible, 
HEAT TREATMENT OF STEEL FORGINGS.* | technical terms relative to structural eons, —— 
y, ee in the subsequent discussion he proposes to evade such 
By H. H. Asupows, of Noweastle on-Tyne. . |technical references, as he finds the nomenclature of 
So much has already been said and written*%concerning | metallography, generally speaking, more confusing than 
the heat treatment of steels, and one finds in all works | helpful to the practical man. 
where any form of treatment is practised so many| {n order to introduce and prove the value of metallo- 
authorities on this subject, that the lay mind would 


; ; - - | graphy in the works, the author has found it expedient 
a ae in every possible way had been | fo Fabmit photomicrographs together with some form 
achieved. Fu 


) rther, with the perfect system of pyro-/ of practical illustration, an example of which is shown 
metric control now installed in most of our steel works, | jn Fig. 1, page 267, which shows at sight the fundamental 
the impression gained is the impossibility of failures to | principles underlying a moderately careful treatment, 
occur due to incorrect treatment. .,_ | and then to compare their relative comparative strengths 
The heat treatment of steel may cover a very wide | with that of bricks and mortar and conerete. It will, 
field, but the heat treatment of steel forgings suggests | of course, be appreciated that these photomicrographs are 
at once the impression of handling materials bot in | strictly comparative, each being of 100 magnifications. 
quantity and in the mass. To give a broad sense of| At the outset he ventures to suggest that the greater 
comparison, one might compare the treatment of a | percentage of failures occurring is not so much due to 
piece of 1-in. round steel with a forging weighing some | the lack of necessary scientific knowledge, but from the 
60 tons, or a furnace full of forgings in the aggregate | want of knowing how to apply that knowledge in works 
weighing 200 tons—this being on a parallel with the | practice, and also in a large measure from the lack of 
vastly different conditions ruling when casting ingots | observation generally when forgings are subjected to 
of a few hundredweights in weight and those weighing | heat treatment. 
100 tons. From experimental evidence and casual} The author would here introduce a rough outline 
observation it is quite evident that there is still much sketch of a furnace about 8 ft. by 10 ft. by 100 ft. long 
wanting in this direction, in spite of our greatly advanced (Fig. 2), containing miscellaneous forgings such as are now 
| knowledge and high attainments in research on this comparatively common in big commercial steel works. 
joumiees of recent years. These furnaces are periodically charged up with forgings 
- | of all descriptions, say, for example, heavy gun forging®. 
e, possibly 





marine shafting, turbine shafting, and the li 
amounting to 150 tons in the aggregate. 


In the first 
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place they are heated to a predetermined temperature. | To make this point more clear, the author submits as author to visit many large steel works both at home and 


Annealing temperatures vary greatly, from anything 
between 650 deg. C. (1,200 deg. F.) and 927 deg. C. 
(1,700 deg. F.), and the results obtained from the forging 


| an example two operations in the forging of a marine 


shaft (Fig. 5, page 268). By withdrawing the a | 


| cogged billet A from the furnace, the amount of wor 


abroad. 
By way of an example of a comparatively small 
forging a special type of heavy bolt was made by heatin 


naturally vary accordingly. These temperatures are|shown in B is performed. Portion By, is finished, but |to forging temperature for their full length pieces o 


questioned at times, and one is told that there is little 


need to trouble, as the forgings as a rule pass test. That | 


may be so, but unfortunately one hears from time to time 
of forgings, machine parts of all descriptions, breaking 
down prematurely, due to fatigue. Fatigue compares 
very favourably with a medical practitioner’s ‘“‘in- 
fluenza’’; it temporarily covers a very wide field of 
inherent troubles.. The cause of the so-called fatigue 








Fic. 1. Tense AND BENDING TESTS WITH PHOTOMICROGRAPHS. 


x 100 Dras. 








operation, @ portion of By; must also be included in the 
furnace, and this naturally becomes subjected to a 
prolonged forging heat, subsequently receiving little 
or no work upon it. The structural condition of this 
portion of such a shaft may not be unlike that of an 
unannealed steel casting, an example of the structure 
being shown in Fig. 6, page 268. A bad case of this 


in order to heat up portion B, for the subsequent forging | round 


rs and “upsetting’’ portion to form the head 
as shown in Fig. 7, page 269. These forgings were 
subsequently normalised* (this, in the author’s opinion, 
is @ very vague term) at 677 deg. C. (1,250 deg. F.) ; 
but when such bolts were subjected to a shock test 
it was by no means uncommon for the head to shell off. 
The reason for this will be readily understood when one 
examines what had taken place in the forging operation ; 

















Fic. 2. Miscernangzous ForGines IN THE FURNACE. 
ILLUSTRATING USE OF PYROMETERS. 








Tensile. Elong’n. Redu. Bend, 


A- Forged and Oil-Treated on e- 51.5 
B. After correct Heat Treatment -- 506 


3. 5.7 
16.6 24.1 180 deg 














aes. Fie. 4. Bap anp Goop ANNEALING or Low.CarBon STEEL. 


x 25 Drams. 





Low-CarBon STEEL. 
DRASTICALLY OVERHEATED. 
Fic. 3. Heavy Street Forernes. x 100 Drams, 


LicHtLy ANNEALED. 


could often be located at the manufacturer’s works 
before such forgings were put into service. 

Tn Figs. 3 and 4, above, are seen various types of 
Structures from similar steels in the so-called annealed 
condition. The author would prefer not to suggest 
anything that might be embraced in already stringent 
Specifications, but this condition of things is doubtless 
® matter that must receive closer attention in the 
immediate future. The temperature of 650 deg. C. 


(1,200 deg. F.) is, as all know, well under the change- | 


point of steels in general, and unless that critical tempera- 
ture is exceeded comparatively little change is effected 
in the structural condition. A forging which has been 
finished at high temperature, or parts which have been 
raised to a forging heat and: have received little or no 


subsequent work, on cooling retain a very ‘caarse 
structure, rd 


description came before the author’s notice some little 
|time ago. The forging in question was a double inter- 
| mediate shaft which actually cracked in the lathe during 
|the turning operation ; and, within the author’s know- 
ledge, this is by no means an isolated case. The shaft 
|in question was cut through this defective area, and 
tests taken in the immediate neighbourhood gave the 
results shown in the illustration. 

The shaft was then subjected to a prescribed heat 
treatment, and the results of the test, together with the 
microstructure, are given side by side for comparison 
(Fig. 8, page 268). This regrettable feature applies not 
only to large forgings, but equally so the whole way 
down the scale, even to drop stampings. It is not his 
intention to name any particular forgings of which 
examples are given, nor their source of manufacture ; 
suffice it to be said that it has been the privilege of the 


DRASTICALLY OVERHEATED. 





Meprom-Carson STEEL. 
WELL ANNEALED. 


the only portion which had received any work was the 
material forming the head, and where this adjoined the 
body one had two entirely different structures. 

Although Fig. 9, page 269, was not taken from this 

articular type of forging, it will show the great contrast 
in adjoining structures when forgings are finished at 
high temperatures and are not correctly subsequently 
heat-treated. Now after these forgings received a 
proper heat treatment a uniformity in structure was 
obtained, together with the disappearance of any further 
shelling of the head when subjected to the same repeated 
shoek stresses. 

A misconception more or less common in heat 








*The terms “normalising’’ and “annealing” are 
well defined in the British Standard Specifications for 
Wrought Steels for Automobiles, published May, 1916. 
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treatment of steels is that full advantage can be taken of 
the initial forging heat, and that forgings or stampings 
finished at a high temperature will, on cooling, regain 
a fine structural condition. This is entirely wrong, and 
if it is desired to obtain the best normal structural 
condition, the heat in such forgings must be allowed 
first to fall below its recalescence temperature and then 
reheated somewhat above its calescence temperature 
and preferably cooled in air. 

With regard to high-temperature annealing and high- 
temperature quenching for hardening, it is generally 
known that as soon as one has reasonably passed the 
calescence temperature of the particular steel under 
observation, a refining in the structure will result there- 
from, and also that, practically speaking, the maximum 
hardness of the steel can be effected by quenching from 
this temperature. It is also known that after exceeding 
reasonable limits of this temperature, in conjunction 
with the time factor, the coarse structure redevelops, 
and develops more rapidly the higher the temperature. 
A most important point often overlooked is the com- 
paratively long time taken to raise forgings of appreciable 
size or in quantity to these elevated tem 
it is during this unnecessary period, which is costly 
in both fuel and labour, that the forgings are caused to 
deteriorate rapidly. Some of the big industrial institu- 
tions are favourable to high-temperature ane 
and in the discussion it would be interesting to learn their 
reasons for this. The author has never found it necessary 
to exceed, either for annealing or quenching, when 
treating forgings in the mass, a temperature of 843 deg. C. 
(1,550 deg. F.), and has had no reason to regret the 
results obtained. 

Reference has already been made to the lack of 
observation during the process of annealing. Let us 
return once again to the annealing furnace, and give it 
a few moments’ attention whilst the heat is being 
gradually. taken up by the forgings. What does one 
notice ? Naturally, the smaller or projecting sections 
become heated long before the larger or depressed 
portions. Assuming now, for the sake of argument, that 
the predetermined temperature is to be 870 deg. C. 
(1,600 deg. F.), it is easy to understand that if in a 
short time the small sections have attained this heat, 
it will be a considerable period before the larger sections 





Fic. 6. UNANNEALED STEEL CASTING. 
x 25 Dias. 


acquire this same temperature, and whilst the process 
of uniformity is being obtained the smaller sections 
have been most unduly heated. Such points as these 
are often the fruitful cause of many failures, and they, 
unfortunately, are points which are frequently over- 
looked, and it is here where a good furnaceman becomes 
invaluable. The author has found it an exceedingly 
good plan first to get a good initial soaking heat through 
the forgings, just under the “ change-point,”” say about 
704 deg. C. (1,300 deg. F.), where, if at all, little harm 
is done by a long heating. and then gradually to raise 
the whole of the forgings to the predetermined tempera- 
ture. 

Pyrometers.—Pyrometers are of great value and service 
in indicating temperatures, but in inexperienced or 
careless hands they are more harmful than helpful, and 
so far as recorders are concerred, the author would place 
little value on them without knowing that careful 
observation had also been kept on the furnace. The 


record simply indicates the temperature of the area in | 


which the pyrometer is located (Fig. 2, page 267, and 
Figs. 10, 11, 12, page 269), and a great diversity 
of temperature may often be seen in large furnaces 
within a few feet of this position. In the author's 
opinion the greatest value of a recorder is the moral 
effect it has on the furnacemen. It certainly causes 
them to be more attentive than they otherwise might be 
to their fire control. 

The author gives one instance relative to the deception 
of pyrometers. Let them imagine the pyrometer being 
in contact with the shaft end of the forging, Fig. 12, 

ge 259 ; one might then record the desired temperature 
or many hours, and yet the body of the forging could 
still be several hundred degrees below that indicated. 
Indeed, the author has seen comparatively small engine 
parts, of which, within a length of 3 ft., after heating 
and quenching, one end has been in its softest possible 
condition whilst the other end has been practically 
unfileable. When it is fully realised that pyrometer 


ratures, and | 


simply indicate a local tem 
of temperature is entirely 
jtion, many of the so-call 
| their consequent troubles, will disappear. 
| Although only one form of pyrometer has been 
| illustrated, the Féry radiating pyrometer, Siemens water | 
| pyrometer, and Brearley sentinel ——— (Fig. 13, 
age 269), each has its own sphere of usefulness. 
|In the latter case, for instance, the sentinels can be 
| placed in positions quite inaccessible to other forms of 
| pyrometers and again can be laid in rotating bodies, 
| their complete fusion denoting their prescribed tempera - 
| tures. 
| Sand Annealing.—When' it is generally realised that 
| forgings, after their structures have once been refined 
| by a correct heat treatment and are quickly cooled, 
give better mechanical and physical tests generally, the 
| fallacy of sand annealing will soon disappear. These 


rature, and that uniformity | 
paces on careful observa- | 


| 








mysteries, together with | be 





range has been passed the better will be its structural 
condition, and consequently its physical properties will 
of a correspondingly higher order. is, in the 


| author’s opinion, is a matter deserving of closer attention 
, than it would apear to have received in the 


Quenching Medium.—This point leads us up to the 
liquid used as a quenching medium. The author trusts 
he will not be exceeding the privilege conferred on him 
if he mentions the subject of gan forgings. Of recent 
years marked developments have been seen in the size 
and weight of these forgings, until they have assumed 
ponderous masses and require for their quenching tanks 
of oil from 8 to 10 ft. in diameter-and approaching 
100 ft. in depth. If further developments are to take 


place the quenching of these colossal masses will have 
to be seriously considered if we are to obtain the best 
results and not only compete with, but lead, com- 
petitive nations. 














Fic. 8. x 100 Drams. 
Yield Tensile, Elong'n. Redu. Bend. 
C. Drastically Overheated .. 16.8 1.5 6.5 24.0 70 deg. 
D. Subsequently Normalized 18.5 32.8 29.8 §2.3 180 deg. 


remarks apply equally so to those which have been 
quenched and bevs received a subsequent light annealing 
|or tempering to conform to specified tests. It is some- 
times an advantage to bury in sand forgings made from 
| steels akin to those exhibiting air-hardening properties 
| with a view to rendering them soft for machining ; but 
| if such forgings after machining are to be assembled in 
| the machine in this annealed state, it is then better to ; 
| cool quickly and reheat slightly below the change-point. | 

If it is intended to anneal forgings in sand with the | 

| object of softening for machining, they should be fully | 
covered before they have fallen below the critical tem- | 
| perature, and for comparatively small forgings hot sand 
| should be employed. For the want of a little knowledge 
|on this subject much apparent slackness is practised, | 
and this in a large measure accounts often for many of 
the so-called hard and soft spots which cause endless | 
| trouble and expense in the machine shops. The steel-| 
| maker of course usually has all such troubles reflected | 
| back upon him, often being informed that his steel is 
badly made and wanting in uniformity. 

Oil Quenching.—Attention has already been called | 
to the want of uniformity in heating for annealing, | 
and this applies equally to the case of forgings being | 
heated for quenching, in order both to improve their | 
structural condition and also to effect a certain standard | 
of hardness, It might appear somewhat elementary to 
embrace such remarks as these, but when one finds that | 
such important essentials are commonly overlooked it | 
is well to make it quite clear that all forgings, whatever 
their size, must be quenched only when uniformly heated 
| above the change-point of the steel. 

Excessive heating of forgings before quenching is not 
only productive of a bad structural condition, but also | 
renders the cooling medi rily hot, and thus 
effects a comparatively slow cooling of the forging 
through its critical range, allowing partial precipitation | 
of the ferrite to take place. It will be generally admitted | 
that the quicker a forging can be cooled until the critical ! 





Those who have experimented by water-quenching 
materials in the mass know that greatly superior results 
can be obtained, and also that the structural condition 
is all that can be desired. The author believes he is 
correct in stating that this form of quenching, if not in 
use in this country, is in operation in foreign countries, 
and of the forgings so treated which have come before 
him, both for microscopical examination and general 
testing, to say the least, the results have been highly 
commendable. He is disposed to think that steel 
manufacturers would welcome the opportunity of the 
choice of quenching mediums, both from a point of view 
of producing a better article, and also by dispensing 
with a costly fluid, and one which is attendant with great 
risks when large masses of steel are being hardened. 


| It is possible that slight modifications in the analysis of 


forgings so treated may have to be made, and at the 
same time it must also be remembered that quenching 
mediums which are highly suited for treating large and 
heavy forgings are not necessarily the best for light 
forgings or those of thin section, but such matters as 
these may be safely left to the discretion of our 
experienced manufacturers. 

Speci fications.—Many specifications covering the com- 
position and treatment of materials leave much to be 
desired, and suggest anything but progress. They bind 
the manufacturer in every possible direction, and thus 
restrict him in the production of an article much superior 
to that to which he is now limited. The author might 
cite, as an example, specifications covering certain 
high-class forgings. They are specified to give after 
heat treatment, say, 30 to 35 tons tensile with a com- 
bined elongation and reduction of area of, say, 80. Ifa 


manufacturer produces a better article giving 37 tons. 
together with a sum of 90 representing the combined 
elongation and reduction, this forging would be rejected. 
and would have to be re-annealed to conform to the 
maximum stress. Suffice it to say this f 
the re-treatment, although conforming to speci 


after 
ification, 
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would be much inferior to what it was in its original heat- 
treated condition. 

The author hopes that engineers and the steel manu- 
facturers’ customer will correct him if his interpretation 


in some cases their presence need not be looked upon discounted the value of science in the works, no one is 
with any degree of alarm, there is no question that a steel| more anxious than himself to see it take a prominent 
free from ghosts is a much superior article. In any case place. This end, however, can only be attained by 
prevention is always better than cure, and it is quite| creating in those who have the handling of this class of 


























Fic. 7. Heavy Bott BROKEN UNDER 
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Fic. 13. ONE OF THE USES OF THE 
BREARLEY SENTINEL PYROMETER. 


of specifications is incorrect. He looks upon specifica- 
tions as a working basis, drawn up between the engineer 
and the steel manufacturer when entering into contracts, 
to be used as a guidance for both parties and with 
reasonable discretion by the inspecting engineer. If 
specifications were so framed that they were to be 
enforced to the letter, one could see little use for the 
intelligent engineer as an inspector. 

Research.—As research investigation should be of great 
value and assistance to the steel manufacturer in guiding 
him out of his occasional troubles, the author feels that 
the paper would be greatly wanting in a most essential 


detail if reference were not made to this.very important | 
subject. In the author’s opinion the great value of | 
research work is often lost to the works owing to its | 


want of application. The research chemist may be 
a highly qualified man, and his conclusions as to the 
cause of failure within reasonable limits of being correct, 
but, generally speaking, he is not in a position to apply his 
reasoning into works practice, and his reports, being often 
of a highly technical character, are to some extent beyond 
the technical range of our good practical men. It would 
therefore appear that a gap yet exists between the works 
and the laboratory, and requires to be bridged across 
in such a manner that the full value of research investi- 
gation can be infused into works practice. 

It is often stated that the fine structural conditions 
and excellent tests obtained by treating pieces in the 
laboratory cannot be obtained when treating masses in 
the works. This idea is totally wrong; by reasonably 
careful control of furnace conditions, and where quenching 


is necessary regulating these conditions also, equally | 
good results can be obtained. To substantiate this | 
Statement, in Fig. 14 annexed is shown the structural | 


condition of a forging weighing about 30 tons, which had 
been subjected to a prolonged heating before quenching. 
This was subsequently given a refining treatment, 
re-quenched and tempered, with the result shown in the 
adjoining photograph. This is by no means an excep- 
tional case, and the author questions if a much finer 
Strocture can be produced in the laboratory when 
dealing with a 1-in. diameter bar. 

Ghosts.—Ghosts in steel forgings, as is generally known, 
are caused by the presence of non-metallic enclosures ; 
and whatever form of heat treatment these forgings may 
subsequently receive, it is practicall impeoubl 
Temove these ghost-marked areas. Yt is, however, 
within the author’s experience, possible to reduce the size 
, = hevaedn, bas the treatment necessary is both 
drastic and costly, an ssibly the remedy ma ve 
little better than the evil. This is a caudate in Phich 


there is 


je to, 


yet much room for investigation ; and although | 

















Actual SIze. PHOTOMICROGRAPH ON JUNCTION LINE. 
< 100 DIAMETERS. 
Fie. 9. Ercuep Prece or ST8et. 
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Fies. 10, 11 anp 12. Furnace DIAGRAMS ILLUSTRATING USE OF PYROMETERS. 





DRASTICALLY OVERHEATED BEFORE JREFINED AND NORMALLY HEATED BEFORE 
QUENCHING. QUENCHING. 
Fic. 14. 30-Tow Forcrxc. x 100 Diameters. Errect of QUENCHING AND TEMPERING. 


possible for the steel-maker to cast ingots of 100 tons in work a personal interest, and this he is sure will be best 
weight with the major portion entirely free from ghosts. achieved by occasional practical demonstrations. 

e author has endeavoured to indicate briefly the| The great value of correct and careful heat treatment 
principles underlying successful heat treatment on a does not yet appear to be eyes by many whom it 
Commercia] scale, and although he hae in a smal] degree should seriously concern. en it is generally realised 
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that forsi gs made from the best steel produced can be | but for large forgings some form of heat treatment is the heat treatment of heavy forgings. The order specified 
hopelessly spoiled, due either to insufficient heating or| very necessary to get the best results. steel discs 55 in. diameter and 11 in. thick with a 


by overheating, and that forgings such as are now under 
review may be worth many hundreds of pounds, and, 
again, from this same cause p ture fract may take 
place, with a consequent great loss of life, this subject 
may be given closer attention and considered more as a 
commercial, scientific art rather than a crude form of 
craft. 

In conclusion the author wishes to express his thanks 
to Mr. F. B. Trevelyan and the directors of Sir W. G. 
Armstrong, Whitworth and Co., Limited, in whose 
service the author is now engaged, for allowing him to 
present this paper to the Institution. 








THE HEAT TREATMENT OF LARGE 
FORGINGS.* 


By Sr Wit11am Bearpmorz, Bart., of Glasgow, 
Member. 


In the heat treatment of large forgings there are no 
metallurgical principles involved which do not apply 
with equal force to the heat treatment of small forgings, 
such differences as exist being entirely due to the limita- 
tions which large forgings impose on the practical condi- 
oe under which the heat treatment is carried out. 

or eve 
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sees by a suitable choice of composition, but in 
addition it is most necessary that the material should be 
in such a physical condition that brittleness and the 
chance of sudden failure should be reduced to an absolute 
minimum. 

In carbon-steel forgings produced to meet a definite 
mechanical test specification this is equivalent to saying 
that the steel must possess the least crystalline wth 
or the smallest grain size, and the object of all heat 
treatment is to confer this condition on the forging 
before it leaves the steel works. It is well known that, 
at any chosen temperature, the time the material is kept 
at its heat and the time taken to cool down to normal 
temperature again have an ¢ell-important influence on 
the grain size, and it is for this reason that in large 
> op all the difficulties of heat treatment are magni- 
fied ; and, in the author’s opinion, a limit is ultimately 
reached in the size of the forging beyond which a plain 
carbon steel cannot be used with safety, and the use of 
an alloy steel becomes imperative. 

The slowness with which heavy masses of steel cool 
down results in large crystal grains at the centre of the 
mass, and, to avoid this, recourse has to be made to 
oil-quenching to hasten the ling down, and so to 
diminish the size of the grain, while a subsequent 





class of forging it is desired that the material | oytsige 
from which it is made should give the mechanical tests | Centre. . 


It is a fact which is not sufficiently realised by engineers , mechanical test of — 
that in plain carbon steel the effect of oil-quenching is 





not uniform over the cross-section, but diminishes the | - 

farther one goes from the outside surface. With very | bw we Elongation (on ratio me. += 10). 
large forgings, therefore, a stage is reached at which, | ; sae 

owing to the size of the forging, the quenching effect at | oo — —————__—___— 
the centre is so small that it is insufficient to confer any | Tons Tons 

benefit on the material, and it becomes impossible to | persq.in. | per “4. in. Per cent. 

guarantee the uniform results which are wanted. That | 23 20 


this effect is a real one can be seen from the accompanying | 
photomicrographs of a large oil-treated shaft and from 
the tests taken. This shaft is 18 in. diameter, and of the 





to revolve at a high speed, and for 
t 











They were requi 





, omens | magnetic r it was 1 ry to use a carbon-steel. 
| following percentage composition >— |The ingots were forged and then rolled to size from 
ei8 an atte e ae ° yo | material of the following composition :— 

It was heated in 820 deg. C. (1,505 deg. F.), ke C. Si. Mn. 8. P. 
two hours and cooled in oil. Tests were taken from the | ©.53/0.54 0.18 0.50 0.029 0.040 


| outside skin and centre, 


eo dettehei eale and gave results as shown in land were given a heat treatment after this operation, 
| the following t — 


| which’ consisted of— 













































































Pea! pans (1) Heating to 780 deg. C. (1,436 deg. F.) for 2 hours 
Elastic Ultimate | Elon m | Reduction | and cooling in oil. 

Limit. | Stress. | on2in. | of Area. (2) Heating to 550 deg. C. (1,022 deg. F.) for 4 hours 

eee Seen _ — |and cooling in air. 

T " Tests were taken from the centre of the slab (midway 
Pr aay per sq.in.| Percent. | Percent, | between the two surfaces), and they gave the results in 
|" 17.5 33.1 27.0 53.1 | the table below. ; 

/ 16.0 29.0 31.0 46.0 | This was the best that could be obtained, and was 
i ; ~~~ | below the specified tests. There were two reasons for 
this ; the carbon was too low and the thickness of the 
Fig. 3. FORGEDE ROLLED SLAB USED FOR TESTS. 
{ iy F=4 = j 
B/ A 
t. 
| 
% : 
’ F 
Fie. 2. Insie. 
MacniFieD 100 Drams. 
Fig.4. LARGE ROTOR-SPINOLE. Goma) 
scanccencansconce 19‘ O *------------------------------------=----------------------- 
; 
g e 
i 














The structures are given in photomicrographs, Figs. 1 anit 
Elongation 


and 2 being the outside and inside respectively. The | | 

tests tahen teem the centre of the chalk have 4 lower me oo - tio nee 10) crn 

tonnage than those from the outside, due to the fact | | Polst. | 4 |(oa ratio diameter — , 

that the quenching is not so effective. Photomicrograph - 

Fig. 2 confirms this. With a higher carbon steel it can | { 

be understood that the difference will be greater. ARS r~y ww Ser aot Sent 
The effect of work is very important, and there is an | “""y..4 | "h3.6 | 42.3 14.0 39.3 


intimate relation under practical conditions between the | 
grain condition of a forging and the amount of work | 
which has been put on it during forging. For the very | ; . ee 

_—s was too great to allow the oil-quenching taking 
\sufficient effect to attain the high tonnage required. 


best results the ratio of the cross-section of the ingot 
and the largest cross-section of the fo g should have : § 
a minimum value, which it is advisable should not be less | Another ingot was therefore cast, from a higher carbon 
than three. Pretovaby 1 should be as great as possible, ' material giving— 

but it cannot always be adhered to, since for large sizes 
| it is limited by the maximum size of ingot with which 
| the presses can deal and sometimes by the shape of the 
| forging itself. For an ingot 83 in. in diameter the maxi- 
/mum size of the forging should not exceed 48 in. for 
the best practice, and from a steel-maker’s point of view, | 
| until the demand warrants the outlay of plant for dealing | 
with still larger ingots, larger forgings than this should be | 


| e 








Cc. Si. Mn. 8. P. 
0.62/0. 63 0.25 0.70 0.023 0.024 
and it was forged and rolled to 5} in. thick to the size 
given in Fig. 3. In this way it was sought to avoid any 
unsoundness that might exist down the centre line. At 
the same time the test specification was amended so 








ing is generally necessary to remove the hardness 
introduced by the quenching operation. With small 
forgings a simple annealing will put the material into 
the condition which will give satisfactory and safe results, 





* Paper read before The Institution of Mechanical 
Engineers, Friday, March 16, 1917. 


| built up rather than manufactured in one piece. In this | instead of 20 on a ratio - length = 10. 

tion the cause of commercial efficiency would be | diameter 

bey served if engineers, in bringing out new designs! The plate was heat-treated as follows :-— 

in heavy steel construction, would consult the metal-| (1) Heated to 900 deg. ©. (1,652 deg. F.), kept 1 hour 


lurgist and the steel manufacturer as to the best method ' and cooled in oil. 
of their combined knowledge in the design and! (2) Heated to 760 deg. C. (1,400 deg. F.), kept 1 hour 
production of special requirements. {and- cooled in oil. 

Though not strictly a forging, the: following-example ‘ ~ (3) Heated to 640 deg. C. (1,184 deg. F.), kept 8 hours 
illustrates very well what has been said above regarding ‘and cooled in air. 
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The following tests refer to the corresponding letter 
in Fig. 3:— 





| Blonga-| Redue- 
Fig. | Yield- | Ultimate) tion on | tion of Fracture. 
3. | Point. | Stress. | > in. ‘Ares. 





| 


| 

Tons per |Tons per 
" fn. sq. 9 Per cent.| Per cent.! 
A “33.1 46.2 28.0 52.4 | Silky fibrous. 


Bp | 27.9 | 46.0 | 27.0 | 44.4 | 10percent. fibrous. 
| 90 per cent. fine 


| gran. 
c 27.2 46.6 | 25.0 | 47.2 | 40 percent. fibrous. 


| 60 per cent. fine 
| gran. 

30 per cent. fibrous. 
70 per cent. fine 








D | 26.4 | 46.0 | 26.0 | 42.0 
- } gran. 
26.8 46.2 | 27.0 | 44.4 | 50 percent. fibrous. 
} 


| 
| 
| 
| 


50 per cent. fine 
gran. 








These results are satisfactory according to the test 
specification, and show the improvement effected by 
slight changes in the method of manufacture. The 
improvement due to rolling to a smaller thickness alone 
was also seen when first material containing 0.53 to 
0.54 per cent. carbon was rolled down from 11 to 5} in., 
and then re-treated in the same manner, for it gave the 
following tests :— 











| 
| Yield- | Ultimate; Elongation 
| Point. | ‘Stress. | (ratio length 10). | ceaeeeel 
| 
Tons per | Tons per | 
*. in. sq. in. Per cent. | In. thick. 
Length .. 6.3 44.9 15.8 5} 
Cross “ 44.2 16.5 5$ 
Cross ee 23.6 42.3 14.0 11 








This result could have been still further meen by 
decreasing the thickness to 3 in., but it shows how 
important the effect of work is on carbon steels, and how 
it may make just that difference between success and 
failure. 

For high-tensile material—that is, material over 40 
tons strength—where the factor of safety is limited 
owing to the special conditions under which the material 
has to be employed, it will generally be safer to use an 
alloy steel, since for the same tonnage a very much 
tougher material can be developed. But for material 
whose tensile strength is below this figure there is not 
the same necessity, and excellent results can be obtained 
from oil-treated low-carbon steel. 

Fig. 4 indicates the outline of a large rotor-spindle 
which was made to the following test specification :— 

Yield-Point one 20 tons per sq. in. 
Ultimate Stress nam ae - pa 
Elongation on 2 in. ... 24 per cent. 


and it will be seen from the drawing that the largest 
diameter was 3 ft. 8} in., and the minimum diameter only 
11} in., so that if such an ingot were used as would give 
the requisite amount of work for the largest section, the 
amount of time and money spent in forging down this 
ingot to 11 in. would be out of all proportion ; and so in 
this case, as in many other cases, the best metallurgical 
conditions are incompatible with the best commercial 
conditions, and a compromise has to be effected. An 
ingot 60 in. in diameter was used of the following com- 
position :— 
Cc. Mn. Si. 8. P. 
0.38 0.39 0.21 0.029 0.044 


In the heat treatment of this job, and of jobs having 
similar shapes, when the forging is put into the furnace 
the time taken to heat up the heavy centre section is 
much longer than the time taken to heat up the end 
sections. For instance, the end-pieces of 11 in. diameter 
could be heated up in about 4 hours, while the centre 
would take about 20 hours to reach tlie same heat, so 
that before the forging would be uniform the end-pieces 
would have been at their heat for 16 hours, and would 
have grown such a crystalline grain in consequence that 
any good effect of the oil treatment would have been 
annulled. To avoid this the ends were covered with 
asbestos sheets, leaving only the centre wees when 
the forging was charged into the furnace, and this sheet- 
ing was removed after 15} hours in the furnace, so that 
the forging attained its heat uniformly as a whole, and 
the crystal grain in consequence was uniform throughout, 

_The test results obtained were very good, and are 
given below. A refer to length tests taken one from each 
end of the forging, B to tests taken circumferentially 
from a ring taken from the centre part after treatment, 
and C to tests taken radially from the same ring. In 
both B and C tests two tests were taken from opposite 
diameters :— 











Fig. 4. Yield-Point. Ultimate Stress. natn) 
i 
; 
| 
| Tons persq.in.| Tons persq.in. | Per cent. 
A { Boe 38.8 27 
22.8 39.2 27 
B 4| 22.8 39.2 28 
22.4 i 38.8 | 28 
Cc {| 22.4 | 38.8 30 
= 22.4 35.8 24 


: 


and cooled in oil. The centre part attained its heat in 
19 hours 30 minutes, and the ends were uncovered after 
15 hours 30 minutes, so that they attained their heat 
simultaneously with the centre part. 

(2) Heated to 550 deg. C. (1,022 deg. F.) in 11 hours 
30 minutes, and kept at heat for 2 hours. 

A very troublesome feature of large forgings which 
have been heat-treated is the distortion which takes 
place, due to internal stresses probably set up by the 
operation of q hing hining the forging, and 
especially on removing the outside surface, these stresses 
are partly relieved, and the forging distorts and takes 
up @ new shape under the influence of the forces still left 
in the material, so that it loses straightness and generally 
adds very largely to the time occupied in machining. 
It is advisable on this account to rough-machine the 
forging after treatment, and then to re-anneal it before 
the final treatment is done. Allowance for this re-anneal- 
ing can be made on the first testing, and where the final 
machining is intricate and accurate it will be found to 
well repay the cost, since trouble in the machine shops 
due to distortion will be reduced to a minimum. 








TuRKEY AND GeRMANY.—As a further stage towards 
increased intercourse between the two countries, the 
Turkish Government has decided to send some 10,000 
young Turks to Germany, in order there to be trained 
in different German industries. 





British Carco STeEAMsHIP Services.—The Depart- 
ment of Commercial Intelligence, Board of Trade, states 
that it is prepared, on application, to furnish information 
regarding British cargo steamship services from the 
United Kingdom to any destination abroad. Applicants 
for information are requested to state their requirements 
clearly, particularly indicating the ports or districts 
between which cargo is to be carried. 





Tue British JouRNAL PHOTOGRAPHIC ALMANAC.— 
Amongst the volumes we look forward to at the beginning 
of each year is the British Journal Almanac, which has 
made itself welcome in the large number of engineering 
concerns where photography plays its part. The volume 
for 1917 contains a special article on ‘‘ Chemical Notions ”’ 
by the editor, which is written in a lucid manner and 
conveys abounding information on chemistry and 
photographic compounds. The notes on apparatus, 
equipment, &c., as well as the various formule and tips 
in working make the book such a volume of reference 
as we would not willingly be without. It is published 
at 24, Wellington-street, Strand, London, at the price 
of 1s. in paper covers, or 28. in cloth binding. 





FRENCH AND AMERICAN WacGon SPECIFICATIONS.— 
We read in The Iron Trade Review, Cleveland, Ohio, that 
the leading railway wagon works in the United States are 
trying to induce the French Government to accept 
American instead of French specifications for 20,000 to 
40,000 goods wagons now in the market for the State 
railways of that country. The French specifications 
provide for so fine and elaborate a finish that the prices 
which the American builders must quote are very high 
and the buyers are reluctant to close. This remark of 
our American contemporary will cause no surprise to 
those who have been able to compare side by side a 
French and an American goods wagon. Such an oppor- 
tunity occurred at the Paris Exhibition of 1900, ee 
American, all-steel, high-capacity wagons met with a 
— amount of criticism in regard to finish on the part 
of French users of rolling-stock. 





INCREASING THE TRaAIN-LoAD.—In 1910, says the 
Railway Age Gazette, the Norfolk and Western Railwa 
handled 6,722,495,887 ton-miles of freight, wit 
10,578,541 revenue freight train-miles. In 1916 
12,131,187 revenue freight train-miles were required to 
move 11,795,891,557 tons 1 mile. In other words, 
it required an increase of less than 15 per cent. in train- 
miles to take care of an increase of over 75 per cent, 
in the freight handled. This was made possible by an 
increase in the revenue train-load from 635 tons in 1910 
to 957 tons in 1916, or 50 per cent. in six years. The 
possibility of increasing the average train-load does not 
depend alone on the expenditure of large sums of money 
for the reduction of grades and for heavy locomotives, 
Much improvement can be made without any expenditure 
by the exercise of close supervision and by concentrating 
the attention of the operating staff on the problem. 





Corron -Sprsnrinc Macutnery For Japan.—An 
extract from the Japanese press recently forwarded by 
H.M. Commercial ‘Attaché at Yokohama should give 
British manufacturers pause for thought, says The 
London and China Telegraph. It is to the effect that 
Japanese cotton-spinning companies have decided to 
investigate the possibility of using American machinery 
in their mills. Hitherto Japan has relied upon United 
Kingdom manufacturers for supplies of spinning 
machinery, in the use of which both her engineers and 
operatives have been trained. The extent of purchases 
in the United States already decided upon is estimated 
at 200,000 spindles, and delivery is expected within 
five or six months of placing orders. It is stated that 
difficulties in obtaining supplies from the United Kingdom 
are responsible for this development. Although this loss 
of business, as is suggested, is primarily due to the war, 
it should be an indication to British makers of this class 
of machinery that they are not indispensable in the Far 
Eastern markets, and that unless they are making 





is rotor was :—+ 
2 deg. F.) for 2 hours, 


The treatment which was given to th 
(1) Heated to 800 deg. C. (1,4 


~ 


dequate preparations to hold their own after the war 
they will by no means have a field to themselves in which 





hitherto they have thought themselves superior. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several Colonial and 
foreign engineering oe taken from The Board of 
T Gazette. er information on these projects 
can be obtained from the Commercial Intelligence 
— Board of Trade, 73, Basinghall-street, London, 


New Zealand.—According to a statement made by 
the New Zealand Minister of Public Works, and reported 
in the local press, extracts from which have been 
forwarded by H.M. Trade Commissioner in the Dominion, 
investigations are being made in connection with pro- 

ls to instal py tees power in the North Island. 
t is thought that three generating stations will be 
ry on t of the large and rough area over 
which it would be essential to run transmission wires. 
Surveys are being made in the Auckland district for the 
purpose of harnessing the Waikato River; the other 
two stations will probably be located in the Manawatu 
and Waikaremoano districts. In this connection it is 
further stated that at a conference held recently of about 
a dozen local bodies in the Auckland district, includin, 
the North Shore boroughs, it was unanimously decid 
to urge the Government to mach hydro-electric 
power in the Province of Auckland, owing to its sub- 
stantial increase of population and rapid development. 
It was stated that if an up-to-date scheme, costing from 
200,000/. to 300,000/., were introduced, a saving of no 
less than 50,000. a year could be effected in Auckland 
and suburbs. 


Italy.—H.M. Embassy at Rome has forwarded a copy 
of a Royal Decree of November 20 last, which introduces 
a far-reaching series of reforms in the existing legislation 
respecting the water power of Italy. For some time 
past, and more particularly since the outbreak of the 
present war, the technical experts of Italy have felt 
the need of reforms in this direction, in order to develop 
water power to better advantage, and so make up for 
the lack of coal and other forms of fuel which have to be 
imported. During the last ten years the present Minister 
of Public Works has studied this question and examined 
the possibilities of the waterways and streams of the 
country, and his inquiries have resulted in the pro- 
mulgation of the above-mentioned Decree. A Supreme 
Council for Public Waters has now been established as 
a supreme authority in all matters connected with the 
development of water power in Italy. The chief duties 
of this new organisation are: (1) To draw up a list of all 
the public waters of Italy; (2) to examine and verify 
existing rights ; and (3) to discuss and decide on schemes 
submitted for concessions to develop and apply public 
waters for use as motive power and in factories. The 
Minister of Public Works presided at the inaugural 
meeting of the Council, at which he outlined the principles 
contained in the Decree. Existing interests would have 
to be considered by the Council when granting con- 
cessions, but it was hoped to ile the int ts of the 
present owners and concessionaires with the greater need 
of the State, and by the substitution of improved 
machinery for that at present in use, to create a vast 
network of water-power distribution. The Decree has 
not yet received the sanction of the Italian Parliament, 
but the Government have decided to make it operative 
at once in view of the great and urgent need of securing 
a substitute for power produced from coal. 


Brazil.—The Diario Official, Rio de Janeiro, publishes 
a Decree approving plans and estimates for the con- 
struction of. stations on the Baurfi-Itapura Railway at 
Toledo Piza, Lauro Miiller, and Pennapolis, the cost of 
the works being put at 28,608 milreis, 25,562 milreis 
and 31,479 milreis respectively. A further Decree 
published in the Diario approves plans for the con- 
struction of a station at Saude on the Bomfim-Sitio 
Novo branch of the General Bahia Railways system, at 
an estimated cost of 22,855 milreis. (Milreis=about 
ls. at current rate of exchange.) 











Apvisory ComMiTTEE FoR AERONAUTICS.—The 
Advisory Committee for Aeronautics has appointed a 
Light Alloys Sub-Committee, with a view to the co- 
ordination of the work which is now being done in 
connection with the use of light alloys in the construction 
of aircraft and aircraft engines. functions of this 
sub-committee will be to advise Government Depart- 
ments on questions relating to light alloys, to institute 
research for the development and improvement of such 
alloys and of the methods of working, and to assist in 
the removal of difficulties which may arise in practice 
in their production and use. The sub-committee will 
be in close touch with the experimental work on light 
alloys which is being carried out at the National Physica] 
Laboratory, the Royal Aircraft ery in the University 
of Birmingham, and elsewhere, and hope to be able to 
give advice and assistance to manufacturers undertaking 
the production of light alloys, and to founders engaged 
in the manufacture of engine parts, cylinders, pistons, 
crank-cases, &c. They trust to have the co-operation of 
firms who have undertaken such work, and will be glad 
to receive suggestions and to give any help that may be 
possible in answer to inwuiries. The following gentlemen 
are members of the sub-committee :—Mr. Henry Fowler, 
M.Inst.C.E., M.I.M.E., superintendent of the Royal 
Aircraft Factory (chairman); Lieut.-Commander C. F. 
Jenkin, RNV RK. and Professor F. C. Lea, representing 
the Air Board ; Captain H. P. Philpot, representing the 
Aeronautical Inspection Department ; Mr. A. W. Johns, 

resenting the Director of Naval Construction, 

miralty; Dr. W. Rosenhain, F.R.S8., representing 
the National Physical Laboratory ; the chairman of the 
Advisory Committee for Aeronautics (ex officio). 
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PONTOON FOR TRANSPORT OF STOCK 
ACROSS THE: ZAMBESI RIVER. 
By B. Warren Ettiort, B.Sc., A.M.L.C.E. 


Tue following is a brief description of a pontoon 
used on the Zambesi River, Northern Rhodesia, for 
the transport of valuable pedigree stock. It was 
desired to quarantine a number of pedigree bulls on 
an island in the Zambesi River before import into 
Northern Rhodesia. The island selected, known as 
Long Island, is situated 3 miles above the Victoria 
Falls. The river at this point is about a mile wide, 
‘and varies in depth between 3 and 20 ft. (during the. 
latter part of the dry season). Its velocity varies 
between 1 and 5 miles per hour. It is infested with 
crocodiles and hippopotami, and is fringed near 
its banks with long weeds, grass and rushes. The 
risk of loss or damage involved in swimming the bulls 
across under these conditions was obviously too great 
to be incurred, whilst the building of boats or barges 
for the purpose was impossible on account of time 
required for construction, lack of skilled boat-builders, 
expense, and the extreme climatic conditions giving 
rise to constantly-leaking joints. 

The photographs reproduced in Figs. 1 to 4 on page 
274 sufficiently well illustrate the simple construction 
of the pontoon, which met all requirements in actual 
practice. It was designed to carry a load of 4,950 lb. 
(allowing for a factor of safety), and by a careful test 
it was found to carry a load of 4,885 lb. The freeboard 
at this load was 12 in. The special features of its 
construction are :— 

1. The platform is carried on transverse joists which 
are supported immediately over the centres of gravity 
of the barrels. 

2. The attachment of the barrels, which, while pre- 
venting them from coming adrift, yet enables them to 
be rotated on their axes for examination, repair, or 
for periodic cleansing. By removal of one cross-piece 
any barrel may be nn i in situ. 

3. The buoyancy of the barrels acts en masse, and 
there is no internal straining on structure. 

4. The structure is capable of ready erection and 
dismantling. 

5. Any part of the pontoon can be reached in mid- 
stream by means of the platforms running round it. 
(The two outside longitudinal platforms are not shown 
in Fig. 2, as they have been removed to show better 
the location of the barrels.) 

6. No mechanical power is required for propulsion. 

7. It is practically impossible for any accident to 
happen to the pontoon which would involve the loss of 
any bulls on board, inasmuch as the pontoon would still 
float even if the half of its barrels were stove in. 

The pontoon was propelled across the river by native 
boys pulling on a steel wire cable, stretched across the 
river, by means of special grips. These grips were 
formed with two handles, and with jaws in sector form 
which gripped the cable as the handles were pulled 
backwards. Thus the action of the boys was precisely 
similar to that of rowing; they very soon became used 
to it. The position of the rope and the rowers are 
shown in Fig. 4. 

The general dimensions of the pontoon and other 
data are as follow :— 


Overall length ... eee 33 ft. 
Width on centres of barrels 8 ft. 
Average weight of bull 600 Ib. 
” ” boy ane « =.120 Ib. 
" weight supported by each 
barrel (by experiment) 275 Ib. 
Boys necessary for propulsion 4 


as attendants ine 2 


Number of bulls crossed at one . 3 
Freeboard of platform que eee 12 in. 
Number of barrels ’ owe wes 18 





BrrmineuaM Evecrricat ENGINEERS VOLUNTEERS.— 
The Birmingham Electrical Engineers (V.), attached to 
the Royal Naval Volunteer Reserve, are fulfilling a very 
useful function. Recruits are drawn from all the 
engineering and mechanical trades, including moulders 
and draughtsmen. They are sent to depdt ships, where 
they are enga in experimental and constructional 
work. The Admiralty has opened two more depét 
ships—H.M.8. Defiance, at vonport, and H.M.S8. 
Actewon, at Sheerness—to Birmingham recruits. Seventy 
local men are now on board the three depdt ships, but 
altogether 170 men from the corps have served varying 
periods since January, 1916. Recruits, skilled in 
mechanical trades, are still needed urgently, both for 
continuous service and for service at regular intervals 


for not less than two weeks at a time. The pay for 
temporary periods of service is 17s. 6d. per week, with 
food and uniform, and for those who enrol for con- 


tinuous service separation allowances will be available. 
The corps provides a splendid opportunity for those 
under or over military age, or are physically unfit for 
military service. A naval representative attends at 
Thorp-street Barracks, Birmingham, every Friday night 
between 6.30 and 7.30 to interview prospective recruits 
and to supply information. 











THE ROYAL METEOROLOGICAL SOCIETY. 


Art the meeting of the Royal aye ae Society, 
held at Caxton Hall, Westminster, Major H. G. Lyons, 
F.R.S., President, in the chair, Major G. I. Taylor, 
R.F.C., delivered a lecture on “* The Formation of Fog 
and Mist,’ of which the following is a summary. 

Fogs are due either to precipitation of water in the 
air, or to a condition of the atmosphere which prevents 
smoke from being dispersed from the air close over the 
roofs of a town. The two necessary conditions for the 
formation of a smoke fog are that the wind velocity must 
be very small, and the air near the ground must be 
relatively cold compared with the air higher up for a 
period sufficiently long to collect enough smoke to form 
a fog. 

The formation of a fog at sea can usually be traced 
to the cooling of the surface air when it flows from a 

lace where the sea is warm to a place where it is cold, 

ut sometimes a fog is caused by air flowing from a cold 
to a warm part of the sea. In the former case the fogs 
are usually low-lying and thick, while in the latter they 
are more frequently light fogs which stretch up to a 
considerable height. 

Fogs consisting of small drops of water are formed 
on land, too, by the cooling of surface air, but in this 
case the air usually stays still, while the lowering of the 
temperature of the ground by radiation to the sky at 
night cools the air near the surface. Fogs of this type 
are not formed till the temperature has fallen considerably 
below the dew-point of the air during the day. This is 
because the formation of dew dries the air near the 
ground. Theoretical considerations show that the 
amount by which the temperature must fall below the 
dew-point before fog is produced depends on a complicated 
series of causes; but an empirical method has been 
devised for estimating whether, on any given night, there 
is enough water vapour in the air to form a fog if other 
conditions are suitable. This method can be used for 
local forecasting. 





TRADING WITH THE ENEMy Act.—The Controller of 
the Foreign Trade Department has sent us a copy of a 
new list (No. 21) of additions to the Statutory List of 
firms of enemy nationality, or enemy association, with 
whom persons in the United Kingdom are forbidden to 
trade. Copies of this list can be obtained at a eo. 
cost from the Superintendent of Publications, H.M. 
Stationery Office, Imperial House, Kingsway, W.C. 





AGRICULTURAL DEVELOPMENTS.—The Council of the 
Incorporated vey Electric Association, recognising 
the important part that electricity may be made to play 
in the better cultivation and greater production of the 
land, and inthe extension of rural industries, have formed 
the nucleus of what is ultimately intended to be a com- 
mittee representative of all interests, with the object 
of a thorough investigation into the technical and 
commercial problems underlying the application of 
electrical energy for such —— by forming a small 
committee with powers to add to their numbers both 
from the ranks of the association and from other sources, 
The committee will be known as ‘‘The Committee on 
the Development of Electricity in Agricultural Areas,” 
formed by the Incorporated Municipal Electrical Asso- 
ciation. When the committee have formulated definite 
proposals for consideration and discussion, and compiled 
the necessary data and information, it is intended to 
invite kindred bodies to nominate representatives to 
serve on the committee. All communications should be 
addressed to Mr. 8. E. Britton, City Electrical Engineer, 
New Crane-street, Chester. 





Tue Late Lieutenant Cyrit Dovcras McCourt.— 
We regret to have to record the death of Second- 
Lieutenant Cyril Douglas McCourt, who laid down his 
life for his country whilst gallantly leading, as bombin 
officer, an attack made in France on the night o 
October 8, 1916. Lieutenant McCourt was born in 1883 
and was educated at St. Charles’ College, North Kensing- 
ton, whence he gained an Institute scholarship at the 
City and Guilds of London Central Technical College, 
now the Imperial College of Science and Technology. 
After obtaining his diploma (the Associateship of the 
City and Guilds of London Institute) in chemistry, he 
served for a brief period as private assistant to Professor 
H. E. Armstrong, F.R.S. In 1903 he was appointed 
chief chemist to the Morgan Crucible Company, Lisaiied, 
which post he resigned six years later in order to col- 
laborate with Professor W. A. Bone, F.R.S. (then of the 
University of Leeds), on the industrial applications of 
the new principle of incandescent surface combustion, 
which <ctabemiion speedily resulted in the many 
important inventions comprised under the ‘‘ Bonecourt ”’ 
system of surface combustion, the value of which has 
since been recognised the world over. In pursuance of 
this work Mr. McCourt b ively managin 
director of Radiant Heating, Limited, and chemist an 
technical adviser of the Bonecourt Surface Combustion 
Company, Limited, and later on also of the Commercial 
Laboratories, Limited. He was subsequently appointed 
consulting chemist to the Morgen Crucible Company, 
Limited, which position he held up to the date of his 
death. He showed great versatility and ingenuity in all 
his experimental work, and he carried out numerous 
and brilliant researches on ore concentration, on refrac- 
a materials, on the applications of surface combustion, 
and on problems of furnace construction. His frank 
and — nature, broad outlook, and manly character, 
combined with his scientific attainments, were highly 








valued by all with whom he came in contact, and 
endeared him to a wide circle of friends. Shortly after 
the outbreak of the war he abandoned his research work 


in order to join the Army. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—It is almost vain to look 
for any slackening in the abnormal demand which 
prevails for all grades of fuel. The week has brought 
no change in the arrival of supplies, and even if the 
orders were reduced there would still be a shortage in 
some direction, artificial though it would be, owing to 
the inadequacy of the transport facilities. Collieries 
report that time is still being lost through the non-arrival 
of the empties, and merchants and depots intimate 
that they are suffering from the same cause, for 
their supplies, even when plentiful, are coming to hand 
so irregularly that it disorganises business and distri- 
bution. The question of carting is serious in itself, and 
may be aggravated if the military authorities persist in 
pressing for the release of fit young coal carters. Works 
we cms railway facilities of their own are able to get 
airly satisfactory numbers of the larger sorts, but there 
is still considerable tightness in the smaller steam 
brands. Steam nuts do not show much improvement. 
Gas companies are receiving heavy tonnage on contract 
account, but there is nothing on offer on the open market. 
House coal is required in the customary large quantities, 
but dealers expect that in the course of a very short time 
there will be a sensible diminution. Quotations :— 
Best branch hand-picked, 20s. 6d. to 21s. 6d.; Barnsley 
best Silkstone, 18s. 6d. to 198. 6d.; Derbyshire best 
brights, 18s. 6d. to 19s. 6d.; Derbyshire house coal, 
17s. to 188. ; best large nuts, 16s. 6d. to 17s. 6d. ; small 
nuts, 15s. 6d. to 16s. 6d. ; Yorkshire hards, 16s. 6d. to 
17s. 6d.; Derbyshire hards, 16s. to 17s.; best slacks, 
12s. to 138s.; smalls, 10s. 6d. to lls. 6d.; and seconds, 
7s. 6d. to 8s. 6d. per ton at the pit. 


Iron and Steel.—The activity in the shipbuilding 
section continues to excite the chief attention in the 
Sheffield industries, for the work is of the utmost national 
importance, and the orders coming to Sheffield are 
without precedent in the history of the oldest firms in 


the city. It is a cause for intense satisfaction that the 
ono is — to all the requirements of the ship- 
building yards. This is undoubtedly a great tribute to 


the efficiency of the principal steel works in the city, 
whose respective managements foresaw the possibility 
of such a contingency and made their plans well ahead. 
Tool-makers have also been greatly affected by the new 
conditions, and from the Tyne and the Clyde are there 


especially big inquiries for tools of every variety, 
rticularly twist and twisted drills of the high-speed 
rands. Electric melting is finding still greater favour 


among the bigger firms in the city. Messrs. Spear and 
Jackson, who were one of the first to lay down a small 
electric furnace for the production of tool steel, have 
now installed another Greaves Etchellfurnace. Messrs. 
Kayser, Ellison and Co. have ordered a 10-ton furnace 
of the same type, whilst, following the action of Messrs. 
Arthur Balfour, Messrs. J. H. Andrew and Co., of the 
Toledo Steel Works, have placed an order for a furnace 
of 30-cwt. capacity. Two other firms, one from Birming- 
ham, are also customers for large furnaces of the Greaves 
Etchell pattern, and their orders will be executed in the 
course of a few days. In no branch of the Sheffield 
trades is there a more insistent call for the maximum 
effort than in that of the agricultural engineer. The loss 
of so many of their grinders has put some of the firms 
into something approaching a quandary, for they have 
more orders on their books than ever before in their 
history, and have fewer skilled men to deal with them. 
Speeding-up, however, and the consistent working of 
overtime have produced eminently good results, but 
there is yet a danger of some orders not being completed 
intime. One of the larger firms reports that it will have 
little difficulty in getting through all the work with which 
it has been entrusted in record time, thanks to the 
installation of modern machinery, but other firms are not 
so well placed, and find it a strenuous undertaking to 
fulfil what they have now on hand without accepting 
any more. Threshing machine makers, who have been 
doing a considerable amount of other work at the invita- 
tion of the Ministry of Munitions, have for some weeks 
been engaged on their own occupation, but there is not 
the pressing need for this class of work that there is for the 
machines and implements wanted for the spring season. 
Lincolnshire motor-tractor plough-makers have had a 
very busy season, but they have always had the task 
well in hand, as is proved by the fact that tractors of their 
manufacture are to-day making their appearance on 
many of the farms in South Yorkshire, and are running 
peed and night. The condition of the metal market can 
safely be written-down as unchanged, for the regulation 
of prices has robbed it of a good deal of interest. Buying 
is necessarily on a big scale, but there are no outstanding 
features. The prices in almost every case are the 
maximum the regulations allow, owing to the fact that 
there are few instances in which the demand is not in 
excess ofthe supply. Cutlery and plate makers are again 
concerned about the supplies of raw material, especially 
the latter, for they find the order licensing the sale of 
scrap cupro-nickel cutting off the only source of raw 
material open to them after the removal of copper for 
domestic work. The Army Ordnance Department has 
invited tenders for 5,000 gas pliers, 1,000 shoemakers 
pincers, 4,000 stoking shovels, 200 garden shears, 3,60) 
plated dessert spoons, and 2,400 plated teaspoons. From 
overseas indents have arrived for tools, hammers, sheep 
shears, anvils, vices, saws, files, shovels, wirework, 
cutlery, electro-plate and steel. 





Steam TurBINE FoR Lanp PurRPoses—ERRaTUM.— 
By a printer’s error the output of the turbine represented 
in Fig. 8 (page 248 of our last issue) of Mr. = paper 
on the above subject is given as 8,000 kw. The true 


output, as stated on page 246, column 1, is 3,000 kw. 
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NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Scotch Steel Trade.—The pressure in the local steel 
trade seems to grow more intense, the ing d ds 
of Government throwing a very considerable strain 
on the resources of the manufacturers. Nevertheless 
the demand is being well met and the high level of 
output maintained, shell bars, naturally, being of para- 
mount importance. Steel for the shipyards is also in 
great request, the construction of the mercantile and 
standard boats sanctioned by the Controller of Shipping 
being rapidly pushed on with. In addition, large 
quantities of steel are required for other war purposes, 
as, directly or indirectly, the entire output is reserved 
for Government use. Consequently, little or nothing is 
available for export, except to the Allies. Rumour is 
busy again, hinting at further restrictive legislation, 
although, as things are, it would be almost impossible 
for conditions to be more stringent than they ere, and 
have been for some time now. For export rates are 
practically unchanged, ship plates still being quoted 
at or about 14/. 58. per ton ; boiler plates, 15/. 58.; and 
angles, 141. 2s. 6d. or thereabouts. 


Malleable Iron Trade.—In the malleable iron trade 
the conditions of activity show no slacking-off and 
makers are as busy as ever, mainly, of course, on Govern- 
ment account, and with this demand for iron for war 
purposes one natural result is a distinct shortage of iron 
availableforexport. Then,too, the increased production 
of steel in the malleable iron works has greatly reduced 
the output of iron. The demand for small-sized bars 
continues, but it is almost impossible for makers to meet 
this under existing circumstances, and only very small 
quantities can be obtained. For “‘Crown’’ bars the 
quotations remain steady at 15/. per ton, a higher rate 
being got for special lots. 





Scotch Pig-Iron tee of every grade 
continues in strong demand, hematite, in —— 
being so urgently required at the steel works that it goes 
direct from the furnaces without the slightest delay. 
While there is an ample supply of forge quality to meet 
the necessary requirements, the scarcity of foundry iron 
is being distinctly felt. The largely increased demand 

for steel on Government account makes for additional 
’ pressure at the furnaces, all of which are in full blast, 
and likely to remain so if a sufficiency of raw material is 
forthcoming. Prices remain unaltered. 


Clyde Workmen and Prohibition.—Some considerable 
stir has taken place in the Govan district lately in con- 
nection with statements which have been made alleging 
that the men employed in the shipyards, engineerin 
shops and other works in the neighbourhood threaten 
a general strike if a messure of prohibition were made 
absolute. The rumours have stirred up righteous 
indignation among the men, who aver that they would 
gladly welcome the most drastic policy if it would in any 
degree hasten the termination of the war, to which they 
have already contributed largely both in men and 
munitions. Over the week-end a plebiscite of the 
workers was taken, the results of which were announced 
at a public meeting of working men held in Govan 
Town Hall on Sunday evening, under the chairmanship 
of Mr. Thosmas Cunningham. It was intimated that vot- 
ing cards were distributed to 10,649men in 11 yards and 
works, with the result that 3,607 voted for prohibition 
and 2,398 against—the majority on votes returned 
being thus 1,209; 4,644 men did not vote, the organisers 
of the plebiscite claiming these, as the wording of the 
cards had made it clear that those not returned would 
be taken as favouring the resolution. This, in conse- 
quence, gave a total majority of 8,251. The resolution 
was moved, seconded and adopted without a dissentient 
voice. 


To Speed Shipyard Labour.—A largely attended 
meeting of the local representatives of the Admiralty 
and of the Federation of Engineering and Shipbuildin 
Trades—trade union delegates from all the Scottis 
districts—was held in the City Hall on Friday evening, 
and presided over by Mr. W. G. Sharp, chairman of the 
Clyde Advisory Committee. Mr. ken Macassey, 
K.C., the newly-appointed Director of “yee Labour 
under the Admiralty, was present, and addressed the 
meeting at some length on the Government scheme for 
the organisation of labour in shipyards and engineering 
shops. In most interesting manner Mr. Macassey took 
up and explained different points connected with pay- 
ment by results and, where necessary, dilution of labour, 
outlining the proposals he is anxious to introduce. Asa 
result of the conference it is expected that the output 
from the Clyde shipyards will be very considerably 
augmented in the near future. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Much firmness continues 
to characterise Cleveland pig-iron, though home con- 
sumers are not buying extensively just now. Most of 
them are very well placed, and with ample supplies 
coming forward they do not need to purchase for 
early needs, but they are still entering into contracts 
on forward account, subject to any alterations in fixed 
maximum prices. There are buyers in the market for 
delivery to Scotland up to the end of June. Export 
trade is reported rather better, and negotiations are not 
entirely confined to business with our Allies, occasional 
inquiries still being reported on behalf of neutral countries. 
Chere is a good deal of pressure for foundry iron for 
Italy, and this‘is likely to be accentuated with American 





iron at such high figures. The tonnage situation, 
however, though better, still checks export business. 
Deliveries to France are on quite a good scale. For 
home consumption No. 3 Cleveland pig, No. 4 foundry 
and No. 4 forge all stand at 87s. 6d., and No. lis 91s. 6d. ; 
for shipment to our Allies No. 3 is 97s. 6d. and upward, 
and foundry and forge are also put at 97s. 6d., but buyers 
endeavour to secure these qualities at rather less and 
No. 1 is 102s. 6d.; and for export to neutrals No. 3 is 
105s. and upward and No. | is 110s. and upward. 


Hematite Iron.—There is little new to report con- 
cerning East Coast hematite iron. There are still some 
complaints of irregularity of delivery due to continued 
shortage of wagons, but notwithstanding this incon- 
venience home consumers are understood to be receiving 
adequate supplies. The demand on behalf of our Allies 
continues heavy, and despatch to them promises to 
improve. Values are well maintained. Nos. 1, 2 and 3 
are 122s. 6d. for home use, 137s. 6d. for shipment to 
France, and 142s. 6d. for export to Italy. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are low. Makers have little iron at their yards, and the 
quantity of Cleveland pig in the public warrant stores 
stands at only 2,293 tons, composed of 2,257 tons of 
No. 3 quality and 36 tons of other kinds of iron deliver- 
able as standard. Shipments of pig-iron from the port 
of Middlesbrough, though not heavy, must be regarded 
as satisfactory under the conditions prevailing. So 
far this month the loadings amount to 29,904 tons, as 
compared with 31,331 tons to the same date last month, 
and 28,190 tons for the corresponding part of March 
last year. 


Coke.—There is an abundant supply of coke, but 
continued heavy local requirements — the prices of 
descriptions needed, with the result that average blast- 
furnace kinds command the fixed maximum of 28s. at 
the ovens, and the limitation price of 30s. 6d. at the 
ovens is still named for qualities low in phosphorus. 


Foreign Ore.—Imports of foreign ore are on a fairly 
satisfactory scale. nloadings at Middlesbrough so far 
this month reach 101,104 tons. 


Manufactured Iron and Steel.—Producers of practically 
all descriptions of finished iron and steel continue working 
at full pressure. Manufacture of mercantile ship- 
building material is still steadily increasing and the 
output is now very heavy. Quotations all round are 
very strong. Common iron bars are 131. 15s.; best 
bars, 141. 2s. 6d.; double best bars, 14/. 10s.; treble 
best bars, 14/. 178. 6d.; iron ship plates, 13/. 108. to 
141. 10s.; iron ship angles, 131. 15s. ; iron ship rivets, 
171. 108. to 181. 10s. ; —_—s iron and steel (parallel), 
131.; packing iron and steel (tapered), 15/. 58.; steel 
bars (no test), 14/7. 108.; steel ship plates, 111. 10s. ; 
steel ship angles, 11/. 2s. 6d.; steel ship rivets, 191. to 
201. ; steel boiler plates, 12/. 10s. ; steel joists, 111. 28. 6d. ; 
steel strip, 17/.; steel hoops, 17/. 108.; and heavy 
sections of steel rails, 10/. 178. 6d. 





Navat Expenpiture.—In his report upon the 
finances of the Navy for the year ended March 31, 1916, 
the Comptroller and Auditor-General states that the net 
deficit on the Service is 205,716,586/., which has been 
— against the Vote of Credit. The net expenditure 
on shipbuilding, repairs and maintenance, on naval 
armaments, on works, buildings and repairs, and on 
miscellaneous effective services was 164,832,1501. Wa, 
accounted for 24,321,519/., and victualling and clothin 
for 10,796,024/7. The total number of the personnel vo 
at the end of the year was 350,000, and it appears that 
the numbers actually borne were within this total. 
Correspondence with the Admiralty on the question of 
charges made by shipbuilding firms for the cost of 
accelerating the construction of hulls and machinery of 
certain ships is included with the report. The Admiralty 
in January last stated that the results in the appearance 
in the fighting line of vessels weeks and months earlier 
than would have occurred but for the abnormal pressure 
have been of incalculable value to the country. As to 
the difficulty experienced in dealing with the extra 
cost incurred by these acceleration operations, the 
Admiralty said as it became evident that the items were 
incapable of proof they decided last August to invite 
the Treasury to sanction the settlement of all such 
claims on the recommendation of a small committee. 
The proposal was sanctioned with the suggestion that a 
gentleman of business experience should be added to 
the committee. Mr. R. D. Holt. M.P., the shipowner, 
was selected, and the committee has already dealt with 
most of the claims. The Auditor-General further states 
that the Admiralty Sub-Committee was of opinion that 
the practice of fixing percentages for establishment 
charges was open to a serious objection. A fixed per- 
centage, upon such changing factors as wages 
in the one case and establishment charges in the other, 
was not, in its opinion, to be relied upon unless each of 
the items was determined for a period during which the 
work was carried out. It also believed that “‘in some 
cases the percentages actually fixed may have been 
snnenmeelay favourable to the contractors.”” On the 
general question it observed that a “‘ system which allows 
the contractor a profit upon every increase in the cost 
of work presses very injuriously on the Admiralty.” 
In cases in which it was possible to arrive at an approxi- 
mate estimate of the cost before the work was commenced 
its (a) an arrangement by which the contractor’s 

rofit was limited as the cost of the work increased, or 
increased as such cost diminished ; or (6) an arrangement 
by which the contractor’s profit was fixed beforehand 
atadefinitesum. The second of these arrangements has 
since been s ted for adoption by the Treasury on the 
recommendation of the Public Accounts Committee. 





NOTES FROM THE SOUTH-WEST. 


The Coal Trade.—In the coal trade there is very little 
change to record this week. Owing mainly, if not entirely, 
to the sho of tonnage, the miners, especially in the 
anthracite and western areas, are subject to intermittent 
stoppages at the collieries. At the present moment the 
Army authorities are appealing to the men to enlist 
voluntarily. It is anticipated that at least about 5,000 
men will do so before the end of next month. The new 
Monmouthshire and South Wales Pitwood Association 
also appeals for about 3,000 volunteers to cut and 
transport timber from local woods. In this way the 
position ought to be relieved, to some extent at least, 
as there is every indication of a ready response. The 
position, however, is more satisfactory in the Rhondda 
and immediately contiguous areas—the centres of the 
production of first Admiralty class of coal. 


Tinplate.—In the tinplate industry there is still but 
little improvement. As a matter of fact not much hope 
can now be entertained of any material improvement 
during the period of the war, owing primarily to the 
insufficiency of the supply of steel bars, which are now 
being utilised on what is regarded as more important 
national work. The depression, however, does not 
result in unemployment, as the men are able to transfer 
their services to steel works, where there is continued 
shortage of labour. With the view of considering the 
situation a conference has just been held of representatives 
from the Ministry of Munitions, the Welsh Plate and 
Sheet Makers’ Association, and several unions connected 
with the tinplate trade in the Swansea area. As a 
result of these deliberations a batch of men left the 
tinplate works this week to take up employment in local 
steel works. A big Italian order is reported this week, 
but it is dubious when this can be executed. 


Iron and Steel.—To meet the national requirements, 
the iron and steel works are kept at high pressure, and 
there is an insistent demand for more labour. 


Spelter.—In the Swansea district there have been 
agg developments in connection with the spelter 
industry. It is not permissible at the present moment 
to give details, but the developments indicated are likely 
to prove a permanent acquisition to the industrial 
activities of West Wales. 


The Coal Market.—Of late, tonnage has arrived more 
freely, and the Admiralty have in consequence increased 
their demands, and as a result the coa] market is steadier, 
with a firmer undertone. This is especially the case 
with regard to the best quality large steam coals and 
the top grade bunker smalls. However, for spot and 
prompt loading available supplies are still in excess of 
immediate requirements, and though shipments are 
comparatively heavy they are mostly on contract account 
and consequently new transactions remain extremely slow 
in prices, a matter of bargaining. Second Admiralty, 
Black Vein and Western Valley large range from 24s. 
to 24s. 6d. for prompt delivery, and best Eastern Valleys 
from 238. to 24s8., with inferiors from 2ls. to 228. 6d. 
There is only a small demand for dry coals which range 
from 238. to 24s. for bests and from 21s. to 22s. 6d. for 
seconds. There is an improved demand for bituminous 
coals for export, and No. 2 Rhondda large have been done 
at 22s., with throughs round 18s. and smalls 14s. Of 
late the authorities have been shipping extra quantities 
of best small steams and as a result the price has hardened 
to round 15s. 6d. and for seconds to 14s. 6d., while 
cargo sorts range from 7s. 6d. to 138. Foundry coke is 
about steady round 52s. 6d. for export, and patent fuel 
from 27s. 6d. to 30s. Pitwood is not in so pressing 
request, and the price has eased to 72s. 6d. and 75a. 
For next month’s loading sellers indicate 25s. for good 
large steams and up to 16s. for smalls, caer gaa that 
the Easter holidays will result in a considerable reduction 
in accumulated stocks, while an improvement in the 
shipping position, the crux of the market, is also 
expected. 





British Trape with New ZeaLtanp.—H.M. Trade 
Commissioner in New Zealand writes that he is arranging 
for a display of goods of United Kingdom manufacture 
at the South Taranaki Winter Show, which, says the 
Board of Trade Journal, will be held in July. The show, 


H.M. Trade Commissioner thinks, will afford a splendid 
opportunity for the advertisement of British goods, and, 
in view of an offer of free space for United Kingdom 


exhibits, the cost to each firm participating in the display 
would be only a proportionate share of the expense 
entailed in erecting a suitable stand. Communications 
from any British firms who may desire to exhibit should 
be addressed to H.M. Trade Commissioner in New 
Zealand, P.O. Box 369, Wellington, N.Z. 





PRoPosED TAXATION OF FoREIGN TRADERS IN SWEDEN. 
—The Board of Trade Gazette reproduces a notice from 
Tidens Tegn, Christiania, of February 9, according to 
which the attention of the Swedish Minister of Finance 
has been called to the ever-increasing influx of foreigners 
into Sweden since the commencement of the war, and 
& pro’ 1 is to be laid before Parliament for the taxation 
of. all persons who settle in Sweden for the purpose of 
carrying on business in that country. Such people 
would have to obtain permission to trade from the State 
authorities, and would be required to give guarantees 
that they would fulfil their obligations. Any foreigner 
attempting to trade without permissi would be 
punished by heavy fines, increasing in pageeiee to the 
extent of the business carried on. Still greater severity 
would be shown to persons who buy up goods for the sole 
purpose of exporting them. The entire tax would be 
imposed upon the Swedish branches of foreign businesses, 
or upon the managers of such branches. 
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NOTICES OF MEETINGS. 


THe PuysicaL SocreTy oF oF LONDON. —Friday, March 23, 

5 p.m., at the Imperial Come of Science, Imperial a Bw 
Road, South Kensington, S The Third Guthrie Lecture 
will be delivered by Professor P. Langevin. 
which will be delivered in English, is entitled 
Orientation.” 

THE ge a or Crvit ENGINEERS.—Tuesday, March 27, 
at 5.30 p.m. A lecture by Mr. Harry Allcock, M.I.E.E., 
A.M.I.} ech.E., on “ The Decimal System of Coinage. Weights 
and Measures.” Members of the Institutions of Mechanical 
Engineers, Naval Architects, and Electrical Engineers, and of 
the Iron and Steel Institute are invited to attend the lecture. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: BIRMINGHAM 
LocaL Secrion.—Wednesday, March 28, at 7 p.m., at the 
University, Edmund Street, Birmingham. A paper on ‘‘ Ma- 
chine Switching Gear” by will be rea by Mr. F. R. McBerty. 

THe InsTITUTION OF Naval ARCHITECTS. —- Wednesday, 
March 28, and Thursday, March 29, in the Hall of the Royal 
Society of Arts, John Street, Adelphi. Wednesday, March 28, 
at lla.m. Annual Report of Council, election of Officers and 
Council, presentation of the Institution Gold Medal and Pre- 
mium, and address by the President, the Right Hon. the Earl 
of Durham, K.G., G.C.V.O., P.C. The following papers will 
then be read : — (1) “Standardisation as Applied to the 
Machinery for Cargo Boats,” by Mr B. Morison, Member of 


The lecture, 
“ Molecular 


Council. coe Method of Obtaining for Ship Design the 
Spacin ulkheads according to the Rules of the Interna- 
tional L Soouthont” by Mr. W. J. Lovett, Member. Afternoon 


meeting at 3 p.m. (5) ‘‘ Stress Determination in a Flat Plate,” 
by Mr. James Montgomerie, B.Sc., Member. (4) ‘‘ The Closing 
of all Ship Side Apertures from the Bridge,” by Signor EK. 
Benvenuti, Member. (5) ‘* Description of an Apparatus = 
Interpreting Stability for the Use of Shipmasters,” by } - 


Thomas Graham, Associate Member. Evening wep 
7.30 p.m. — (6) * ‘The Strength and Inner rT. of Mild 
Steel,” by Professor W. BE. Dalby, M.A., F.R.S., Associate 


Member of Council. (7) * Design of Pin’ Joints Based on 
Ultimate Strength,” by Lieut. W. A. Scoble; R.N.V.R. Thurs- 
day, March 29, morning meeting; 11 a.m. (8) “ Further 
Experiments upon Wake and Thrust Deduction Problems,” by 
Mr. W. J. Luke, Member of Council. (9) “Some Experiments 
on the Influence of Runfing Balance of Propellers on the 
Vibration of Ships,” by Mr. ‘A J. King- Salter, R.C.N.C. (10) 
‘“*Theory of Wave Motion on Water,” by Sir George Greenhill, 
M.A., F.R.S. Afternoon meeting at 3 p-m, (11) ** Marine 
Application of Reduction Gears of Floating Frame Ty Re af py 
Mr. J. H. Macalpine, Member. (12) “On Launchin, 7 

P. A. Hillhouse, B.Sc., Member of Council, and fir. 
Riddlesworth, M.Sc., M.Eng. (13) “ Buoyancy and Stability 
of Submarines,”’ by Professor W. Hovgaard, Member. 

THE Royat INSTITUTION OF GREAT BRITAIN.—Friday, March 30, 
at 5.30 p.m. A discourse will be delivered by Professor J. H. 
Jeans, M.A., F.R.S. The subject is “ Recent Developments of 
Molecular Physics.” Afternoon lectures next week at 3 es” .m. 
Tuesday, March 27. Professor John W. Gregory, D.Sc., F. 
Professor of Geology, Glasgow, on ‘* Geological War Proplenss® 
(Lecture III). Thursday, March 29. Professor J. A. Fleming, 
M.A., D.Se., F.R.S., Professor of Electrical Engineering, Uni- 
versity College, London, on ‘* Modern Improvements in 
Telegraphy and Telephony—Telephony” (Lecture II). Satur- 
day, March 31. Mr. Stephen Graham on “Russian Idealism : 
the Ideas of the Russian Philosopher, Vladimir Solovyof” 
(Lecture Il). 


NOTICE To NON-SUBSCRIBERS. 


in view of the restrictions now imposed by the 
Government on the importation of paper, and of the 
consequent shortage of supplies, readers whe wish 
te be sure of obtaining ** ENGINEERING” cach week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in future fully to provide 
for a chance demand for this Journal. 


NOTICE. 


Owing to the recent Government restrictions, 
and to the enormous increase in the price of 
p2per occasioned thereby, the Proprietors of 
“ENGINEERING” are compelled to advance the 
price of this Journal from 6d, to 8d. per copy. This 
increase dated from and included the issue of 
Friday, March 16. The change will not apply to 
unexpired subscriptions. 
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THE GOVERNMENT DEPARTMENTS OF 
TRADE AND LABOUR. 


Tue National Government formed in December 
is rapidly developing those business methods which 
have so often been contended for in connection with 
the administration of national affairs. This is a 
consequence of the selection for Departments of 
men intimately acquainted with the business affairs 
for the fostering of which such Departments of the 
Government are responsible.. Amongst these, one 
of the most important is undoubtedly the Board of 
Trade, and Sir Albert Stanley’s appointment as 
President was accepted as promise of important 
developments. On Tuesday of this week he made 
his first public appearance, and very appropriately 
this was at a luncheon of the Association of Chambers 
of Commerce, which has never relaxed the strenuous- 
ness of its efforts to inculcate the idea of business 
methods in the business Departments of the Govern- 
ment. Sir Albert was able to show that good work 
had already been done in developing a new policy. 





Much of this is of a negative character so far as 
commerce and trade are concerned, owing to the 
restrictions necessary for the concentration of 
national trade effort in the prosecution of the war. 
He can rest assured, however, that so far as those 
responsible for the industries of the war are con- 
cerned there will be no demur to essential sacrifices. 
More, however, seems to have been done towards the 
provision of foundations for the future rebuilding, 
on a broader scale, of national industry. After long 
silence we are to have the Trade Bank promised 
by Lord Faringdon’s Committee, as a British trade 
corporation is to be given a charter to facilitate and 
establish such a large credit bank or banks for 
developing British trade abroad. We hope, as we 
contended at the time of the issue of Lord Faring- 
don’s report, that the capital of such banks will be 
commensurate with the immense volume of British 
trade in foreign countries, and also with the 
potentialities of enormous developments. The 
promise that there should be no interference with 
the operations of the British joint stock banks or 
Colonial banks seems to have been dictated by a 
supersensitiveness of the Home banking interest, but 
itis obvious that if the Trade Bank is to be a thorough 
success its claim to exercise all the functions of a 
bank, and more, must be conceded. Such success 
must react upon existing banks. There is to be an 
information bureau and an intelligence department 
in connection with this bank, capable of examining 
new projects and of extending credit where such is 
needed. 

Sir Albert also showed a keen sense of the 
importance of increased production. Those 
responsible for industry, he contended, must supply 
not only the needs of this country, but be prepared to 
meet competition over the seas by producing goods 
at a cost which would compare favourably with those 
of their competitors. This is the crux of the whole 
question. No governmental action, no fiscal system, 
however much both may be desired, can achieve 
complete success in industry unless all three factors— 
brain, labour and capital—work together for the 
national good. The first must be fruitful in inven- 
tive resources, applied alike to the finished product 
and to mechanical means of production ; the second 
must be well rewarded for continuous endeavour, 
with some security that the result of increased 
diligence will in no case lead to any action which 
will interfere with a fair week’s earnings for a fair 
week’s work ; while the third must be prepared for 
enterprise and a more human understanding of 
working men and their claims than in the past. 
Since these are the greatest factors in the future 
prosperity of the war the work of the new Ministry 
of Labour becomes of primary importance. 

For the first time in the history of this country 
we have a Minister of Labour. The appointment 
did not attract very much attention when it was 
made a few weeks ago, and yet it is the greatest 
triumph which democracy has won here. Even 
so recently as the time of Mr. Gladstone the 
appointment would have been impossible. Two 
causes led to the change which was received 
so quietly a few weeks ago, and, curiously, these 
two causes were absolutely contradictory in 
character. .The continually recurring strikes of a 
few years ago, aimed not only at the employers, 
but also at the public, and the feeble and un- 
successful attempts of the Government to deal with 
them by coercing the employers raised a feeling 
that some new method was necessary. It was 
clear that the trade unions were wielding great 
power and were doing this without any feeling 
of responsibility. The principle always recognised 
in this country had been that power and responsi- 
bility must be in the same hands, and so the public 
began to feel that the only way to ensure moderate 
action on the part of the unions was to admit them 
to a greater share of power. ._ An example had been 
given in the Colonies, for there not only have there 
been Ministers of Labour, but also Labour Ministries. 
which is quite a different condition of affairs, 
Such Ministries have had a fair amount of success, 
and have led to an immense reduction in labour 
troubles by substituting Courts of Arbitration for 
strikes. The second cause which facilitated the 
change was the splendid reply labour gave to 
Lord Kitchener’s demand for men. They crowded 
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to the recruiting offices at a time when our prospects 
were very black, and when the arrangements for 
their feeding and housing were so extremely crude 
that they suffered great hardships without any of 
the excitement and glory of war. Later, when we 
began to realise the immense difficulties of the task 
we had undertaken, the trade union leaders 
facilitated the relaxation of rules and the surrender 
of privileges which had taken years to secure. 
During the early period of the war our lines were 
held almost entirely by workmen, and this is nearly 
true now, although there has been a great accession 
of the middle classes to the ranks. It was felt 
by the public that if we trusted the men to defend 
our fortunes in the field we ought also to give them 
some direct voice in the management of affairs in 
which they, too, had an enormous interest. 

Mr. Lloyd George had, therefore, no serious 
opposition to fear when he appointed Mr. John 
Hodge Minister of Labour. The action seemed to 
harmonise with the needs of the times. But it must 
be remembered that in British politics reversals of 
policy are almost unknown. We do not follow 
the methods of some Central American Republics, 
when each party on attaining power undoes all 
that its predecessor has accomplished. Labour is 
now a department of the State, and will continue 
to be so unless its prospects be ruined by most 
intemperate conduct on the part of its representa- 
tives, of which there is no sign. We are apt to 
forget that there are schools and parties in Labour, 
just as there are in general politics, and that its 
action sways backwards and forwards as one or 
other obtains control. Naturally the more sane 
and temperate party makes the least public show, 
and we sometimes lose sight of its existence, although 
it has never lacked representatives. The late 
Mr. Howell, who wrote for this journal for years, 
was an example of a man who worked all his life 
in raising the status of the labouring classes and 
yet never made an enemy among the masters. He 
believed in hastening slowly and in consolidating 
each step as it was gained, and in his later years he 
was considered slow and antiquated by the fiercer 
spirits of trade unionism, although had it not been 
for the constant care he gave to obtaining legislative 
recognition of the unions they would have had no 
ground to stand upon. The older unionists studied 
economics, and although this is by no means an 
exact science and must submit its conclusions to 
modification by higher and wider considerations than 
those looking solely to material gain, it has a 
wonderfully enlightening influence, showing clearly 
the distinction between what is possible and 
impossible in the way of advancement in comfort 
to large bodies of the community. Such knowledge 
does not lead to immediate popularity with an 
electorate which has been fed on false hopes by men 
who aspire to seize the position of leader without 
having the knowledge or ability to fit them for the 
post. It is only by years of steady work, leading to 
solid gain, that an acknowledged position can be 
gained by trade union leaders who understand their 
subject, and even then experience shows that the 
position is not too secure. Fortunately, Mr. Hodge 
has a solid constituency behind him in the Steel 
Smelters’ Mill, Iron, Tinplate and Kindred 
Association, which has never had a strike against 
the Associated Masters since Mr. Hodge has 
been its secretary, some thirty years. The tin- 
plate section of the union is of more recent 
growth, and owes its existence to Mr. Hodge’s 
personal effort. When the McKinley Tariff hit 
the tinplate industry of South Wales so heavily it 
gave rise to constant and endluss disputes between 
Capital and Labour. Tools were “downed” on 
the slightest pretext, and a manufacturer was never 
certain of what would happen before the day 
was out. The losses both to masters and men 
were disastrous under the then existing depressed 
condition of trade. Mr. Hodge, in 1899, undertook 
to organise the men, and at the same time he 
did what was more important, he organised the 
employers. He went from lodge to lodge of the 
men in the evening, but in the daytime he 
went on Change, talking with the manufacturers 
he knew, and getting introductions to the others. 
In nine months he had so far won the 
confidence of both sides that he got them round 


a table as a conciliation board, and the rest was 
easy. A basic rate was fixed, and it was agreed 
that it should not be altered unless improved 
machinery was introduced. Since that time there 
has been no strike, and wages have risen 33 per 
cent. on the lowest estimate. At the period in 
question restriction of output was a popular idea 
with both men and masters, although the phrase 
did not bear the same meaning to both of them. 
The men wanted more wages for less work, while 
the masters wanted to decrease both wages and 
output, but more especially the former. Mr. Hodge 
showed them that restriction of output was only 
possible as a policy to the monopolist. The manu- 
facturer who had to face foreign competition must 
be able to sell cheaply, and this result could only 
be obtained by a large production to reduce standing 
charges. He also pointed out that it was only the 
successful manufacturer who could pay good wages, 
and ca’ canny did not lead to large profits. He 
educated both sides in economics, to their mutual 
advantage. 

In som> recent speeches Mr. Hodge has 
pointed out that neutral nations are now being 
enriched at the expense of the Allies. They are 
accumulating capital, they are gaining experience, 
and they are making business connections. This 
new competition can only be met, said Mr. Hodge, 
by each individual unit producing as he never 
produced before. Each man must do the most 
work and the best work of which he is capable ; 
to set a skilled man at an automatic machine is 
sheer waste. Mr. Hodge has no fear of labour 
being cheated of its reward by the cheapening of 
production. For cheap production means large 
turnover and good profits, and it is only the manu- 
facturer who is making money that can pay high 
wages. “ What benefits capital will ultimately 
benefit labour, if labour is wise.” 

We do not know what position Mr. Hodge held 
in relation to the trade union dislike of tariffs before 
the war. Many rigid opinions of those days are now 
very elastic, if not actually fluid, and possibly those 
Mr. Hodge now holds are the result of changed con- 
ditions. In reply to a question as to agricultural 
labourers’ wages he said it was impossible that men 
should come back from France to 16s. a week after 
their wives and families had been receiving con- 
siderably larger allowances. If farming could not 
afford a better reward to its labour, then it must be 
assisted in some way—by duties, or bounties, or sub- 
ventions. Recently the Prime Minister has confirmed 
this suggestion. As todumping, Mr. Hodge said he 
asked his trade unionists friends how they could 
defend their constant attempts to force grasping 
employers to pay the rates conceded by more liberal 
firms when they permitted the unrestricted import 
of sweated labour. 

The advent of a Labour Minister holding such 
views as Mr. Hodge need cause no alarm to capitalists 
provided he can secure the loyal co-operation of his 
own class. It must not be forgotten that trade 
unionists are a minority among the working people 
of this country, and that a Minister of Labour must 
consider many interests outside these organisations. 
Still, his utility would be largely reduced if he could 
not secure the concurrence of organised labour, 
and it yet remains to be seen how far he will be 
successful in this. In all unions there are fishers 
in troubled waters who aim at advancing themselves 
to posts of honour at the expense of the present 
occupants. These men form a permanent opposi- 
tion, and, like all oppositions, they are prolific in 
criticism and promises. Never having been in 
power, they do not realise how limited is the field 
of action open to them, and how much easier it is 
to conciliate than to conquer. In this they are by 
no means singular. The strategists of the news- 
papers led the armies of the Allies up to Berlin in 
the autumn of 1914, and the only criticism that 
can be against their schemes is that they 
underestimated the strength of the Germans. It 
is only the experienced trade union official who 
understands how successfully the capitalist can 
resist unreasonable demands and how desirable it 
generally is to accept a reasonable compromise. But 
experience and sense do not lend themselves to 
rhetorical treatment in the lodges, and as a result 





we have seen more than one earnest and capable 





trade union official obliged to retire. The Socialist 
and the Syndicalist have yet large followingsin this 
country, and there can be no co-operation between 
them and level-headed men of business, who realise 
that wages cannot be paid unless they are earned. 


ELECTRIC PRECIPITATION OF PHOS- 
PHORIC ACID VAPOURS. 

Tue natural phosphate of calcium is insoluble 
and has to be converted into the soluble form for 
the preparation of superphosphate, the acid 
soluble phosphate, which is valued as a fertiliser. 
In this process, which is largely applied, the ground 
rock is mixed with its weight of sulphuric acid and 
heated for 24 or 36 hours. With the commercial 
acid strength used the product contains about 
18 per cent. of phosphoric acid, counted as anhydride 
P,O;; the rest is gypsum, water and undecomposed 
rock. Transport of this bulky material does not pay 
over great distances; the product is, moreover, 
apt to be acid, which is objectionable, and must not 
be mixed with other fertilisers containing nitre, as 
it would liberate nitric acid; it must not even be 
mixed with lime, which would convert the acid, 
soluble phosphate back into the insoluble neutral 
phosphate. Hence a great many other processes 
have been tried for producing phosphoric acid from 
phosphates. Of these the dry processes deserve 
attention. The phosphate rock is simply heated 
together with coke or with sand (silica), or with 
both of these materials, in order to convert the 
phosphate into silicate under liberation either of 
phosphorus vapours (reduced from the phosphate by 
the carbon) or of the probable phosphoric acid. The 
phosphorus is either condensed as such, or allowed 
to oxidise and to change into phosphoric acid by 
contact with the air; the air is difficult to exclude, 
anyhow. The heat is frequently supplied by the 
electric current, and electric furnaces are hence 
required. At Mount Holly, in North Carolina, the 
Hechenbleikner process makes use of three-phase 
currents of 250 or 500 volts. The mixture (1 part of 
phosphate Ca, (PO,)., 2 parts of SiO,, 5 parts of C) 
is fed in round the electrodes, and the vapours of 
phosphorus and air are sent into an oxidising tower, 
and then into a series of scrubbing towers, in which 
the acid is absorbed by water. The difficulties of 
this process are that, though phosphoric acid is a 
powerful absorbent of water, a perfect absorption 
of the acid can only be secured with great bulks 
of water, so that a weak acid (50 per cent.) results ; 
the absorption is particularly inefficient if any 
hydrofluoric acid should be present, and as fluorspar 
is rarely absent from phosphate rock, that trouble 
has to be reckoned with. Both the acids, moreover, 
corrode the pipes badly. These drawbacks induced 
Messrs. W. H. Ross, J. W. Carothers and A. R. 
Merz, of the United States Bureau of Agriculture, 
which has been experimenting on phosphates, to 
try the electric precipitation of fumes method, with 
which Mr. F. G. Cottwell has realised some success, 
as we have pointed out on several occasions. The 
successful experiments, made on a fairly large scale. 
are described in the Journal of Industrial and 
Engineering Chemistry, of January, 1917. 

The electric furnace used was an iron cylinder 
lined inside with firebricks and fed with alternating 
currents from two transformers, each provided with 
split primaries, so that by different combinations 
currents of up to 100 volts could be obtained in steps 
of 20 volts. Before the electric precipitator was 
installed an absorbing tower, 18 ft. high and 4 ft. 
sq., was used, offering with its baffles an absorption 
surface of about 3,000 sq. ft.; the absorption by 
water was not satisfactory. The vapours were 
afterwards sent through the same tower, but the 
tower was kept dry, and served only to baffle and to 
cool the vapours. The power required by the 
precipitator was supplied from an 8 kilovolt-ampere 
transformer, fed with currents of 110 volts at 60 
cycles; a small mechanical rectifier, driven by the 
motor-generator set, rectified the currents and made 
them intermittent. The positive terminal was 








earthed, the negative was connected to the wires 
axially stretched in the tubes in which the electric 
precipitation was to take place. These tubes were 
at first 6-in. iron pipes, 10 ft. high; but the acid 
vapours corroded the iron. Vertical tubes were 
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then built up of sections of glazed terra-cotta pipes 
of the same diameter, 6 in., five sections being joined 
for each of the three tubes installed. The wires were 
hanging down in these tubes, each wire being loaded 
below by a weight, and the weights were inter- 
connected below to prevent mechanical vibrations. 
Wires of monel metal and also of nichrome answered 
best. The tubes should themselves be earthed, to 
facilitate the discharge from the wires, the negative 
pole; it resulted that the coating of phosphoric 
acid soon settling on the surface of the terra-cotta 
conducted the current sufficiently well, so that the 
earthing connection had only to be brought up against 
the inside of the tube. 

The vapours from the furnace were drawn through 
the tubes by a fan constructed of some antimony 
alloy, through which the vapours passed in the 
first instance; a Bakelite enamel prevented corro- 
sion of the fan. Air entered the furnace, as in the 
case previously mentioned, round the electrodes. 
The fan capacity was 450 cub. ft. per minute; the 
volume of air first drawn in proved excessive, and 
the air supply was therefore cut down. Owing to 
the moisture in the phosphate and in the air, the 
precipitate did not consist of the anhydride P,O,, 
but of the orthophosphoric acid H,PO,; com- 
mercially it would hardly be advisable to attempt 
precipitation of the anhydride, because this product 
is highly hygroscopic. The electric precipitation of 
the flocculent anhydride would, moreover, be 
difficult ; our readers may remember that the flakes 
of zinc oxide formed, in other experiments, a bridge 
across the space between the two poles in the 
precipitator and caused troublesome short circuits. 
In the experiments under notice there was sufficient 
moisture to make the condensed acid run down the 
tube walls in a continuous stream. When the 
vapours were cooled in the tower an acid of 60 per 
cent. was gained from a charge containing about 
1 per cent. of moisture; by cutting down the air 
excess the acid concentration was raised to 80 per 
cent. When the baffle tower was cut out of the circu- 
lation the vapours entered the tubes at 175 deg. 
and left at 100 deg. C., the density of the acid gained 
then rose to 1.766 and 1.8, and the acid concentration 
to 91 and 95 per cent. 

As regards the purity of the product, it must be 
considered that the phosphate pebbles, which were 
not ground, contained 32.14 per cent. of P,O,, and 
2.33 per cent. of fluorine; the coke contained 2.56 
per cent.of SO,. The purity of the phosphoric acid 
actually found under these conditions was higher 
than was to be expected, and a considerable portion 
of the sulphuric acid and hydrofluoric acid formed 
must have escaped with the unprecipitated vapours. 
The analysis of an acid of rather low strength 
yielded: H,PO,, 63.68 per cent.; H,SO,, 0.21; 
HF, 0.49; SiO, 0.26; and traces of HCl, Fe,0, 
and ALO, CaO, &c. This acid had been obtained 
when the baffle tower was in circuit. When the 
tower was cut out the resulting acid, of higher 
concentration, was, of course, more impure with 
dust carried over. By suitably modifying the 
arrangement it should be possible to free the 
vapours of dust and yet to make them enter 
the precipitator tubes at a temperature above 
100 deg., so as to gain a pure acid of high concentra- 
tion. In any case the experiments may be regarded 
as decidedly satisfactory ; the experimenters do not 
discuss the cost item, however. 





THE INSTITUTE OF METALS. 

THE annual general meeting of the Institute of 
Metals was opened on Wednesday evening last at the 
Hall of the Chemical Society, Burlington House, W., 
the President, Sir G. T. Beilby, F.R.S., occupying 
the chair. 

REPORT OF THE COUNCIL. 


The report of the council, of which the president 
gave an abstract, showed satisfactory progress for 
the year, there being a substantial increase both in 
the list of members and in revenue. In spite of the 
removal of the names of enemy aliens, the member- 
ship is greater than ever before, the total, with the 
additions announced at the meeting, being now 719. 
Two honorary members, in the persons of Sir William 
Crookes and Sir J. J. Thomson, have been added 
to the roll during the year. Fifty-seven members 





are on active service, and during the year two 
members were killed in action. 


CHANGE OF OFFICES. 


In view of the need for additional accommodation 
and of the present offices being commandeered, 
new premises have been sought elsewhere. Pending 
an arrangement for a joint building, which it is 
hoped to make with such allied societies as the 
Tron and Steel Institute, the Institution of Mining 
and Metallurgy, and the Institution of Mining 
Engineers, accommodation has been secured in 
offices at 36, Victoria-street, S.W. 


CoRROSION RESEARCH COMMITTEE. 

A reconstitution of the Corrosion Committee was 
effected during the past year, half the members 
being now appointed by certain Government 
Departments and by certain technical societies 
specially interested in the subject under investigation. 
Professor H. C. H. Carpenter is chairman of the new 
committee, to which a grant of 3251. has been made 
by the Treasury. A condition of this grant was that 
a salaried investigator should be employed, and 
Captain G. D. Bengough, M.A., has been appointed 
to the post, with Dr. O. F. Hudson as assistant 
investigator. The Government grant is to be raised 
to 9007. perannum. With the help of Mr. J. Christie 
an experimental sea-water corrosion station has been 
established at the Corporation Electricity Works, 
Brighton, where condenser tubes are being tested 
under actual working conditions. A special interest 
attaches to this plant, as the power-station con- 
densers are fitted with the Cumberland protection 
system. 


THE BrrmincHamM Loca SEcTION. 


This section has lost some members, the roll now 
showing 79 names instead of 85. Owing to existing 
conditions only two meetings were held during the 
year. 

FINANCE. 

The report of the hon. treasurer, Mr. A. E. Seaton, 
M.Inst.C.E., shows an improvement of 200/. on the 
credit side of the accounts, due in the main to the 
increased sales of the journal, which brought in 
3201. 2s. 6d., as compared with 1811. 19s. 5d. At 
the commencement of the financial year the Insti- 
tute’s cash balance was 955/. 6s. ld., and at its close 
it was 28/. ls. 1ld., but 1,2007. of war stock was 
purchased in the meantime. 


Tur May Lecrure. 


It was announced that the May lecture would be 
delivered this year by Professor W. E. Dalby, F.R.S., 
who has chosen for his subject ‘“‘ Researches made 
possible by the Autographic Load-Extension Optical 
Indicator.” 

THE MAcHINING OF Brass. 

Two papers, both dealing with the cutting of brass, 
were contributed by Mr. O. W. Ellis, B.Sc. The 
first paper bore the title “‘ The General Properties 
of Stampings and Chill Castings in Brass of Approxi- 
mately 60:40 Composition,” whilst the second 
was a note “‘ On the Machining Properties of Brass.” 

In the first of the two papers the author stated that 
experiment had shown that the Brinell hardness 
number for brasses containing from 55 per cent. 
to 70 per cent. of copper varied linearly with the 
copper content. In fact a rough Brinell test 
could be used to find the approximate copper content 
of scrap and swarf of unknown origin so long as the 
material contained less than 1 per cent. of lead. 
It was thought probable that a similar law would 
be found to connect the copper content and the 
time required to machine such alloys. The author’s 
experiments showed, however, that the connection 
between composition and ease of machining was 
much more complex in character. A preliminary 
investigation showed that moderate variations 
in the casting temperature affected but little the 
time required to machine the stampings made from 
the castings, since these were always heated, and 
to that extent annealed, before forging. If the 
blanks were highly heated before stamping this 
operation was easier than if a lower blank tempera- 
ture were adopted, but, on the other hand, the stamp- 
ing contained then a larger proportion of the hard 
6 constituent than if the operation had been 
effected at a lower temperature. Since, however 








the forgings should be heat-treated before machining, 
the forging temperature had little effect on the final 
result, and for a similar reason the temperature of 
tup and die was of no practical im ce. An 
examination of castings which proved difficult to 
machine in the shops showed that the Brinell hardness 
number varied through a range of 36.4. Some speci- 
mens, indeed, were shown by the Brinell test to be 
actually softer than other forgings which had caused 
no complaint, It appeared from the investigation 
that the most suitable annealing temperature for 
stampings was below, rather than above, 651 deg. C., 
and might be taken as 620 deg. C. In further ex- 
periments the times required to machine stampings 
of differing compositions was investigated. The curve 
representing the observations was very irregular, but 
showed a marked minimum with the 60: 40 alloy. 
It was also noted that there was a distinct change 
in the character of the chip produced as the propor- 
tion of copper was varied. With less than 59 per 
cent. of copper there was a tendency to the produc- 
tion of long, thin ribbon-like turnings. At this limit, 
however, short, chippy turnings were produced and 
the power expenditure was correspondingly dimin- 
ished. As a general result the 60:40 alloy was 
indicated as the most universally successful of 
brasses, so far as mechanical, physical and machin- 
ing properties were concerned. 

In the second paper the author observes that 
cold-rolled 60:40 rods, having Brinell hardness 
numbers as high as 140, machined almost as readily 
as castings of similar composition but with only 
half the Brinell hardness. This difference, he 
suggested, could be explained by a consideration 
of the micro-structure in the two cases. In normal 
unannealed stampings the micro-structure consisted 
of a matrix of 8 containing a crystallites, which 
had no definite orientation. In the rolled bar the 
structure on a cross-section was very similar to the 
foregoing, but on sections taken parallel to the 
axis of the bar there were almost continuous 
crystallites of 8 set in a matrix of a. The author 
suggested that in cross-cutting, the structure of the 
rod and of the stamping being similar, the resistance 
should be about the same, but that, owing to the 
more stable mechanical arrangement of the hard 
constituent in the rolled rod, a higher Brinell 
number might be anticipated. For stampings to 
be machined the hardness number should not 
exceed 85. 

The discussion was opened by Mr. R. T. Rolfe, 
who observed that it was not surprising that the 
correlation between the Brinell hardness number 
and the difficulty of machining held only over a 
limited range. The operation of milling was some- 
what akin to abrasion, and gave rise to shearing 
stresses, whilst compressive stresses only were 
involved in the Brinell test. Abrasion, it was true, 
had been defined as a tangential indentation, and 
there was thus some relationship with the Brinell 
indentations, but, owing to the difference between 
the stresses involved in the two cases, the Brinell 
test might at times prove misleading. Thus 
Admiralty phosphor bronze, containing 85 per 
cent. of copper and 15 per cent. of phosphor tin, 
and cast in chills, showed a Brinell hardness of 110 
to 125, and yet machined easily, whilst otherwise 
treated this mixture might prove very hard to 
machine, although the Brinell number was little 
affected. 

Mr. F. Johnson, who followed, asked whether 
the author had found differences in the hardness 
of the outer edges and centres of the stampings. 
He could confirm the author’s statement that 
machinists who had trouble with their material 
often declared it to be hard when, mineralogically 
speaking, it was really soft. He observed that the 
temperature of 620 deg. C., given as that most 
suitable for annealing castings, was well below the 
transformation line, and hence the improvement 
effected must be attributed to the relief of internal 
strains and not to constitutional changes. He 
would suggest that the author’s proposal to use a 
rough ball test for estimating the copper content 
of the alloys should be received with caution. It 
was applicable only to castings from pure metals, and 
would be upset by the presente of impurities, by 
changes in the temperature at pouring, in the 
temperature of the mould, and also by the size of the 
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ingot. He observed that the impurities in these 
author's test pieces varied through a considerable 
range, and this fact must vitiate to that extent the 
value of the research. This was particularly import- 
ant when, as in the present case, aluminium was 
included amongst these impurities, since the 
addition of this element had a great strengthening 
effect on the alloy. 

Professor T. Turner, who spoke next, said that 
the Brinell hardness was proportional to the 
copper content only when no other elements were 
present, and even then through but a limited 
range. Murray had, in fact, shown that the relation 
between the two was not represented even by a 
simple curve, but by one of a sinuous character. 
The speaker thought that it was unreasonable 
to expect a close relationship between the Brinell 
hardness and the difficulty of machining these 
alloys. Arnold had shown that the Brinell hard- 
ness of a steel gave no indication as to its suitability 
for use as a cutting tool, and, conversely, the Brinell 
hardness did not necessarily indicate the difficulty 
or ease with which a material could be cut. In the 
case of ductile materials there was a close connection 
between the Brinell hardness, the yield-point, and 
the tenacity of the metal. He did not agree, how- 
ever, with a previous speaker that no shearing stresses 
were involved in a Brinell test, as the indentation 
was itself evidence that shear had occurred. 

Dr. W. Rosenhain, F.R.S., said that the ingenious 
explanation put forward by the author to explain 
the greater ease of machining rolled bars and stamp- 
ings required, he thought, to be supplemented. 
The Brinell hardness of a cold-worked material was 
due to a different cause than was the hardness of a 
casting. This latter was constitutional, but with 
cold-worked material the high Brinell figures came 
largely from strain hardness and differed in different 
directions. The hardness produced by a tensional 
strain was accompanied by a greater softness in 
a subsequent compression test, and the speaker 
suggested that if Brinell tests were made on both 
longitudinal and transverse sections of a rolled rod 
different figures might be obtained. Another point 
that arose was the effect of temperature on strain 
hardness. The cutting point of a tool was always 
hot enough to produce a local softening in this 
case, whilst structural hardness, being due to the 
arrangement of the a and 8 constituents, would 
not be affected. “‘ Machining” hardness, again, was 
not entirely a matter of brittleness, but depended 
upon the ductility and kind of shearing stress pro- 
duced. Machining was, in fact, assisted by strain 
hardness, whilst constitutional hardness made the 
operation more difficult. 

Mr. J. H. Robinson said that the author’s tests 
had been carried out at the request of the speaker 
owing to the difficulties experienced in obtaining 
uniform ‘results in the production of a certain com- 
ponent used in connection with guns. The com- 
ponent in question was subjected to a rifling opera- 
tion which had to be effected at high speed and with 
very great accuracy. There was constant trouble 
from the breaking of tools, which in other cases 
worked quite satisfactorily at the same speeds and 
feeds. As the result of Mr. Ellis’s work all these 
difficulties had been overcome. He might add that 





their experience had shown that if good results were 
to be obtained they must stick as closely as possible 
to the 60:40 composition. He thought the iron 
and aluminium impurities had little to do with their 
troubles. These had been so serious that they 
began to make the components from rolled rods, 
and with these good results were always obtained, | 
whilst the stampings gave continual. trouble until | 
they arranged to keep closely to the 60: 40 alloy. 
The cutting tools always worked flooded with oil, | 
and with the proper alloy the chips were washed | 
out easily. Another point which was established | 
was the very great importance of running at the 
highest possible speed when cutting small accurate 
holes in brass. For this to be practicable a rigid 
machine was necessary. 

Mr. Murfay said that all manufacturers would | 
endorse the author’s statement that a machinist’s 
opinion on the hardness of an alloy was very 
unreliable. Men frequently declared a rod to be 
hard when actual test showed it to be soft. He 
could confirm Dr. Rosenhain’s remarks as to the 
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difference in the speed of machining material 
naturally hard and material work-hardened. He 
had found, for instance, that certain anese 
bronzes with a yield point of 18 tons, an ultimate 
strength of 32 tons, and 20 per cent. elongation 
appeared very hard under the sclerometer test, but 
were machined almost as easily as the 60: 40 brass. 

With two bars showing the same Brinell hardness, 
but in the one case due to cold-working and in the 
other constitutional, the work-hardened bar could 
be cut three times as fast as the other. This fact 
had been established in the cutting-up of hundreds of 
tons of material. 

In reply the author said that at least two Brinell 
tests were made on each specimen, and the results 
varied little. He thought that the small amount 
of impurities present in the alloys considered in his 
paper was insufficient to affect his proposed method 
of estimating the copper percentage by means of a 
rough ball test. In reply to Dr. Rosenhain he said 
that the longitudinal and transverse hardness of the 
rolled bars differed so little that he thought strain 
hardening could not be entirely responsible for the 
results observed. Mr. Murray had referred to the 
difficulty of finding out what the shops meant when 
complaint was made that materials were hard to 
machine. He had had a striking instance of this 
only last week. Certain steel was reported as very 
hard to machine and a sample was sent for examina- 
tion, with the statement that a file would not touch 
it. Analysis showed but 0.25 per cent. of carbon, 
and the whole trouble arose from the clogging of 
the tool by the soft material. 


SuRFACE TENSION AND COHESION IN 
METALS AND ALLoys. 

A paper having the above title was next 
read by Dr. S. W. Smith. In the main the 
communication sketched the field open for in- 
vestigation rather than established any impor- 
tant novelty in the way of theory or experiment. 
Many years ago Hirn, to co-ordinate certain pro- 
perties of actual gases, modified the well-known 
gas law P V = RT by introducing a term 7, which 
represented the mutual attraction of the molecules 
for each other, owing to which the volume occupied 
was less than it otherwise would be. The modified 
equation (P + 2) (V—b) = RT was later on further 
improved by Van der Waals, who wrote it in the form 


(P+ ¥,)V-H=RT 


in which 6 denotes the so-called co-volume of the 
gas and is introduced to allow for the fact that the 
molecules are not mathematical points, so that the 
pressure becomes infinite before the volume occupied 
is reduced to zero. 

This expression has been shown to apply, at least 
qualitatively, to both liquids and gases. The term 
m is known as the intrinsic pressure and is a measure 
of the cohesion of liquids, which in certain cases is 
very great; water, for example, though incapable 
of withstanding a shear, exhibits, nevertheless, if 
subjected to a“ negative hydraulic pressure,” a tena- 
city of some 13,000 atmospheres. Attempts have 
accordingly been made to apply Van der Waals’ equa- 
tion to the discussion of the cohesion of metals, and 
in his paper Dr. Smith discusses a number of these 
investigations, in which the values of the intrinsic 
pressure have been deduced somewhat indirectly. 
Surface tension is one manifestation of this internal 
cohesion, and the author has determined the surface 
tension of molten metals by observing the depression 
produced when a capillary tube of carbon is plunged 
into the mass. In his paper he compares his obser- 
vations with the intrinsic pressure determined by 
previous investigators, as stated above. He finds 
that the two are apparently connected by a straight- 
line law, given by the equation 

Surface tension = internal pressure x 0.00437 + 200. 

Some comparative figures are as follow :— 


Internal 
Surface Pressure, 

Tension. Megabars (or 

Dynes Dynes 10°) 

per cm. per sq. cm. 

Lead 424 51,500 
Tin 480 68,700 
Aluminium 520 119,300 
Zine 707 108,900 
Silver 858 161,900 
Gold! 1,018 178,500 
Copper 1,178 236,100 








By extrapolation from Traube’s values for the 
internal pressure for nickel and steel he estimates 
that the surface tension of iron is 1,244 and of nickel 
1,538, whilst from the measured surface tensions of 
antimony and bismuth he deduces the intrinsic 
pressures of 16,933 and 33,412 respectively. Both 
the surface tension and the internal pressure vary 
little with the temperature of the metal. Walden 
is quoted by the author to the effect that the 
mutual solubility of two liquids is the greater 
the smaller the difference between their intrinsic 
pressures. 

Such alloys as are of industrial importance are 
commonly solid solutions, and Dr. Smith extends the 
principle to these. He notes that gold and silver are 
miscible at all temperatures, whilst zinc and lead 
separate out on solidification. Gold has an intrinsic 
pressure of 178,500 megabars, whilst that of silver 
is 161,900 megabars, so that the two do not differ 
greatly. Whilst, however, zinc has an intrinsic 
pressure of 108,900 megabars, that of lead is 51,500, 
or only about one-half as much. 

The author notes that the surface tensions found 
by him are more or less inversely proportional to the 
atomic volumes of the metals, and these atomic 
volumes are known to be closely related to the 
cohesion, rigidity and elasticity of the metal. In 
the case of organic liquids it has, the author states, 
been found that the miscibility of one with another 
depends upon the molecular volumes. Once the 
ratio of the two approaches 1.7 there is little 
admixture, and the author quotes from Desch the 
observation that when two metals mix in all pro- 
portions the atomic volume of each constituent is 
much the same. In metals it should be noted that 
the atom is generally identical with the molecule. 

Silver-copper alloys are liable to liquation when 
cast, the centre becoming richer in the less-fusible 
metal than the exterior. The alloy represented 
by Ag,Cu, is, however, free from this peculiarity, 
and the author notes that if the intrinsic pressure 
of each is multiplied by the percentage of that 
metal present the product is nearly constant, as 
indicated below :— 

to = 161900 x 60 = 9714000 
pressure | copper = 236100 x 40 = 9444000 
Liquation he attributes to the fact that the molecules 
of copper, having the higher intrinsic pressure, 
attract each other more than they do the silver 
molecules. Hence as the freezing-point is approached 
they squeeze out to some extent the silver molecules 
from the surface layers, crowding them into the 
middle of the ingot. The author finds that in certain 
alloys noted for peculiar characteristics there is also 
an equality between the proportionate intrinsic 
pressures of the two constituents. The most 
striking case is afforded by the iron-carbon eutectic, 
which contains 0.89 per cent. by weight of carbon, 

or 95.98 atoms of iron to 4.02 atoms of carbon. 

Taking the intrinsic pressure of iron as 239,000 
megabars, and that of carbon in the diamond 
form as 5,458,000 megabars, the author notes that— 

95.98 x 239000 = 22939220 
whilst— 
4.02 x 5458000 = 21941160. 

Further extending this relationship, Dr. Smith 
advances the view that when this condition (or a 
similar one in which the intrinsic pressure is replaced 
by the surface tension) is fulfilled the hardest 
possible alloy is obtained, the relative attractions 
of the constituents being then a maximum. Thus the 
hardest silver-copper alloy, according to this theory, 
should contain 59.3 per cent. of copper, and this is 
in good agreement with experiment. Similarly the 
hardest copper-zine alloy should contain 31.5 per 
cent. of copper, but the author notes that Turner has 
found the hardest alloy to contain somewhat more 
copper than this. 

In opening the discussion Sir T. Rose said that 
the author asked them to discard the many observa- 
tions which had shown that cold-worked material 
was less dense than the unstrained metal. All 
he offered in exchange for this rule was a theory 
supported by no new experimental data. The 
speaker suggested that in any attempt to discover 
a relation between atomic concentration and the 
hardness of a metal better results would be obtained 
if the cube of the atomic concentration were selected 
as the basis of comparison rather than the atomic 
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concentration itself. With respect to liquation it 
was certainly very remarkable that the more fusible 
constituent collected on the outside of the ingot. 
He ought to add that Matthey’s process of getting 
uniformity by rapid cooling proved’ a complete 
failure when tested at the Mint in 1889, although 
they had the assistance of Mr. Matthey himself. 
This failure was in accord with what Gulliver’s 
work would lead one to expect. Gulliver had 
shown that the more rapid the cooling the more 
mixed was the resulting ingot, whilst with slow 
cooling more a was present and less of the other 
constituents. He might point out that Gulliver’s 
work had been inexcusably neglected. Indeed, 
in about the best book of metallurgy so far pub- 
lished a statement was made which had long ago been 
disproved by Gulliver. The author’s theory of 
liquation was that the metal “ wanted ” to solidify 
asa whole. This it could only do if the less fusible 
constituent segregated to the middle of the ingot, 
where the temperature was highest. If the cooling 
was rapid the temperature difference between the 
outside and the centre of the ingot would be higher 
and the liquation would be greater than in slow 
cooling. The anomalies due to liquation in try- 
plates could be got rid of by annealing them. 

Dr. F. C. Thompson, who followed, said that in a 
paper read before the Faraday Society he had 
advocated the view that the elastic limit was 
determined by the intercrystalline boundaries and 
the surface tension across them. Traube had 
shown that the tenacity and Brinell hardness were 
determined by the intrinsic pressure of the crystalline 
portion, and if the surface tension and the pressure 
were as closely connected as the author claimed, 
the elastic limit should be a constant fraction of the 
ultimate strength. For his own part he doubted 
the closeness of this connection, and this view was 
confirmed by figures quoted from Traube by Louis 
in 1911, where the values of the intrinsic pressures 
for antimony and bismuth were given as 117,000 
and 97,000 respectively. These were three or four 
times as great as deduced by the author from his 
surface tension observations. The speaker had also 
ventured in the paper cited to doubt the validity of 
Roberts-Austen’s conclusion that the hardness of 
an alloy was increased only when the constituent 
added had a large atomic volume. The speaker 
believed, in fact, that the hardness of an alloy was 
increased by the solution in it of any metal, whatever 
its atomic volume. Arnold had shown that iron 
was hardened both by the addition of elements 
having higher atomic volumes than iron and by 
those with lesser atomic volumes. The speaker’s 
own view was that when two constituents, A and B, 
formed a solid solution, then as they crystallised 
together the atomic volume of the one increased 
and of the other decreased until both had the same 
value. Elastic stresses were thus set up, to which 
he attributed the resultant hardness. 


In reply, the author asked whether any “ honest} 


experiments ” on cold-worked material had shown 
a diminution of the density of the metal. Wire- 
drawing the material to nine times its original length 
did not, in his opinion, constitute an honest experi- 
ment in this connection. He noted that Mr. Thomp- 
son quoted his figures for the intrinsic pressures of 
antimony and bismuth at second-hand, and if these 
were really Traube’s results he must admit a dis- 
agreement with his own estimates. He found 
Thompson’s theory of the behaviour of the con- 
stituents of solid solutions hard to understand. It 
seemed to amount to this: That if you packed a 
tube lift with people the compression set up would 
not merely make the fat people thinner, but the thin 
people fatter. Although Mr. Thompson objected 
to Roberts-Austen’s views, yet it should be noted 
that he himself actually explained the behaviour of 
solid solutions by the atomic volumes of the 
constituents. It was inconsistent, therefore, to 
criticise Roberts:Austen’s view that the atomic 
volume had an important influence on the properties 
of metals. Moreover, Taube’s estimates of intrinsic 
pressure were all derived from the atomic volumes 
of the metals studied, which was sufficient to 
vindicate Roberts-Austen’s work of 1888. 


Tue Reaction iN THE ELECTROLYSIS oF ALUMINA. 


An important note on “ Aluminium Production 
by Electrolysis—a Note on the Mechanism of the 





Reaction,” by Dr. R. Seligman, was taken as read. 
In this note the author observed that in books deal- 
ing with the electrolytic production of aluminium 
the reaction was said to proceed according to the 
formula 

Al,O; + 3C = 3CO + Ab. 


On this basis Haber had asserted that the con- 
sumption of carbon in practice closely approximated 
to the theoretical; thus closing the door to one 
possibility of reducing production costs. The 
author ten years ago had found that the formula 
and the deduction made therefrom were both wrong, 
but for business reasons had been unable to publish 
his results. Now that Dr. G. H. Bailey had pointed 
out the error in the accepted formula the need for 
further secrecy had disappeared. According to the 
formula criticised two units by weight of carbon 
must be consumed to produce 3 units of aluminium, 
and as this limit was very nearly attained in practice 
the author had found difficulty in obtaining sanction 
for further investigation. Nevertheless early in 
1907 he showed in some large-scale experiments that 
the carbon consumption could be reduced much 
below the “ theoretical,” and further investigation 
in the same year proved that carbon monoxide was 
not necessarily the only gaseous product of the 
reaction. Following up this discovery, the present- 
day carbon consumption was far below that required 
on the old theory, and a very substantial financial gain 
had been effected accordingly. A number of sub- 
sidiary advantages had also been secured. As 
illustrating the point that other gases beside CO 
might be liberated at the anode, the author gave 
the following results :— 

1. Temperature of electrolyte, 945 deg. C. Carbon 
consumption normal; carbon dioxide, 45.6 per 
cent. ; oxygen, 0.8 per cent. ; CO, 43.6 per cent. ; 
nitrogen, 10 per cent. 

2. Temperature of electrolyte, 1055 deg. C. Anode 
consumption high; carbon dioxide, 6 per cent. ; 
oxygen, 1.2 per cent. ; carbon monoxide, 86.4 per 
cent. ; nitrogen, 6.4 per cent. 

The presence of the nitrogen was due to a slight 
air leakage into the receiving bell used. 

These results were confirmed by further experi- 
ments on a laboratory scale made at University 
College, London, in conjunction with Mr. H. B. 
Phillimore (since killed on active service). If such 
small-scale laboratory experiments were to be 
comparable with work on an industrial scale, it 
was necessary, the author said, for heat to be 
supplied from an external source. This was 
essential because the cooling surface was so much 
greater in comparison with the capacity of the 
furnace, that if the heating effect of the current was 
relied on the current density must be much higher 
than it ever was in practice. By using an external 
source of heat, however, aluminium could be pro- 
duced under normal conditions in a bath having a 
capacity of as little as 150 grammes of electrolyte. 
Dr. Seligman suggested that the true product of the 
reaction was oxygen, and that whether this gas, 
carbon monoxide or carbon dioxide was produced 
depended upon the temperature, current density 
and the physical properties of the anode used. 


NICKEL SILVER. 


The last communication to be taken at Wednes- 
day’s meeting was entitled “The Annealing of 
Nickel Silver,” and was a continuation of a previous 
paper by the same author, Mr. F. C. Thompson, 
Demonstrator in Metallurgy at Sheffield University. 
The research described had reference mainly to the 
effect of the time taken to anneal these alloys, and 
further to ascertain the practical bearing of the 
transition point between 300 deg. and 400 deg. C. 
discovered by Le Chatelier. The alloy studied 
contained about 60 per cent. of copper and 10 per 
cent. of nickel, which had been cast, rolled and 
annealed under actual works conditions. One-half 
of the specimens were deoxidised by adding 0.25 
per cent. of 70/30 cupro-manganese. With this 
dosage none of the manganese remains in the cast. 
This ‘point is stated to be of importance, since if an 
excess of manganese is used the consequent increase 
of tensile strength and hardness due to the de- 
oxidation is to some extent offset by a loss of 
ductility. The mechanical tests made consisted 
of Brinell hardness tests and of Arnold alternating 
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tests. The latter were stated by the author to be 
particularly satisfactory in demonstrating the 
mechanical value of the alloys. Half the melts 
were made in clay crucibles and half in black- 
lead crucibles. The former proved to be distinctly 
superior in their mechanical properties, which the 
author attributes to a certain deoxidation effected 
by silicon reduced from the crucible walls, although, 
as he states, no silica was subsequently to be found 
in the metal. The number of bends withstood by the 
specimens increased rapidly as the time spent in the 
annealing furnace was increased, but a maximum 
was reached at about five hours; any further 
annealing showed a progressive loss of toughness. 
The plan adopted in some works of letting the metal 
remain overnight in the annealing furnace is, there- 
fore, the author states, to be avoided. The anneals 
were made in iron pots at a temperature of about 
800 deg. C. A noteworthy point brought out was 
that strips cut transversely to the direction of rolling 
withstood more bends than strips cut parallel to 
the rolling. With all other metals and alloys the 
reverse is the case. The importance of the Le 
Chatelier transition point was examined in a further 
investigation. To compare with the figures already 
obtained, in which the specimens were slowly cooled 
from 800 deg. C., others were prepared in which the 
specimens were quenched directly from 720 deg. C., 
whilst a third set were air-cooled from the same 
temperature. The nickel content in this series of 
alloys varied from 9.9 per cent. to 23.1 per cent. 
In all cases but the last, with 23 per cent. of nickel, 
the specimens quenched from 720 deg. were more 
ductile than those which were merely air-cooled. 
They were, nevertheless, ndt so good as close- 
annealed and very slowly cooled specimens. Hence 
both slow cooling and very rapid cooling improves 
the resistance of these alloys. The author suggests 
that this is due to the metal consisting wholly of an 
A constituent above the Le Chatelier transition 
point, whilst if very slowly cooled below this point 
the alloy consists entirely of a B constituent. 
If quenched from a high temperature the A condition 
persists and the specimen is ductile. It is also 
ductile when exclusively B, but the mixture of the 
two produced on air-cooling is hard and brittle. 
He considers that a further investigation of this 
alloy may throw some light on the hardening of steel. 

In opening the discussion Mr. F. Johnson regretted 
that tensile tests had not also been made of the 
specimens studied, so that the ductility as deter- 
mined by the Arnold test might be compared with 
the elongation of the test pieces on fracture. As 
to poorer results obtained when melts were made 
in plumbago crucibles, he would suggest that some 
carbon might have been taken up by the metal. 
The superiority of specimens cut transversely to the 
direction of rolling might be due to the elongation 
of the “ cores” along the line of rolling, and these 
soft cores might be able to accommodate them- 
selves to the bending test. 

Dr. O. F. Hudson, who spoke next, thought 
that the analogy the author had drawn between 
the hardening of steel and the behaviour of his 
alloys was of doubtful validity. He agreed with 
the last speaker as to the need for tensile tests as 
well as the tests with the Arnold machine and the 
Brinell ball. The Arnold test suffered, in his view, 
from the somewhat wide variations in the results 
of tests made with nominally the same material. 
Possibly the range of variation would have been 
less had the annealing temperature been kept more 
constant. 

The author reserved his reply for the Journal. 

The meeting was concluded on Thursday, there 
being two sittings, with an interval for dinner. We 
shall report the remaining papers in our next issue. 








STEEL UsED IN PRoJEcTILE ManuractuRE.—Mr. F. 
Ricolfi, who has charge of the testing laboratory of 
Messrs. Gio. Ausaldo and Co., has an article in La Metal- 
lurgia Italiana, reproduced in the Paris journal La 
Métallurgie, in which he states that the output of pro- 
jectiles could be i in an appreciable measure if, 
instead of working from the commencement on ~—_ 
tensile steel (50 to 90 kg. per square millimetre = 31.75 
to 57.14 tons per square inch), semi-hard steel (50 to 65 
kg. per square millimetre = 31.75 to 41.27 tons per 
square inch) were used. This latter would allow quicker 
rou BS mbtliining ; the projectiles would then be hardened 
to the required limit, and the only further machining 
required on the hardened material would be that’ for 
finishing the projectiles. 
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DETERMINING THE HARDNESS OF METALS; 
THE SIR ROBERT HADFIELD PRIZE. 


Sir Robert A. Hadfield, D.Sc., D.Met., F.R.8., vice- 
president, has placed in the hands of the Institution 
of Mechanical Engineers the sum of 2001., which with 
any income therefrom may be awarded at the dis- 
cretion of the Council of the Institution as a prize 
or as prizes for the description of a new and accurate 
method of determining the hardness of metals, es- 
pecially of metals of a high degree of hardness. The 
ordinary tests of hardness, such as are described in 
the report of the Hardness Tests Research Committee 
(Proceedings of the Institution of Mechanical Engineers, 
1916, pages 677 to 778, and Enainererina, December 8, 
1916), which should be consulted by competitors, fail to 
some extent when the hardness of the material exceeds 
about 600 to 800 Brinell. What is desired is the descrip- 
tion of a research for or an investigetion of some method 
of accurately determining hardness suitable for applica- 
tion in metallurgical work in cases in which present 
methods partially fail. The Council will consider 
annually all communications received, and may then 
award a prize or prizes. But in January, 1922, the offer 
of prizes will be withdrawn. The Council may award 
the whole or any part of the sum available at any time if 
a communication is received which, in their opinion, is of 
sufficient originality and importance and satisfies the 
object aimed at ; or they may from time to time award 
portions of the fund not exceeding in all 75/. in any | 
one year, for communications which do not completely 
solve the problem, but which appear to advance the 
knowledge of methods of testing hardness. The Insti- 
tution will probably be willing and reserve the right to 
publish in its journal any communications for which a 
prize is awarded. A communication should be accom- 
panied by scale drawings of any new apparatus described, 
or by a model or an example of the apparatus itself. 
If the communication describes a new invention, likely 
to be of commercial value, it is desirable that pro- 
visional tection should have been obtained before it is 
submitted for consideration. Communications should be 
addressed to the Secretary, the Institution of Mechanical 
Engineers, 11, Great George-street, Westminster, 
London, 8.W. 1, and marked ‘‘ Method of determining 
Hardness,” and should reach him at least one month 
before January | in any year. 











THE NEW ELECTRIC POWER STATION AT 
BIRCHILLS, WALSALL.* 


By Ernest Marruew Lacey, M.Inst.C.E. 


Tue early history of the electricity undertaking of the 
Walsall Corporation and the original system of generation 
and transmission are briefly described; also the steps 
taken by the corporation since the year 1913 to provide 
for an efficient supply of electricity in the Walsall area. 

The conditions determining the size and site of the new 
pease station are stated, and the question of possible 
4 subsidence owing to old colliery workings is dealt 
with. 

Reference is made to the controversies regarding the 
economy which arises in the production and distribution 
of electricity by the concentration of plant in power 
stations of large capacity, and the author expresses his 
views as to the ultimate limit beyond which no appreciable 
advantages would accrue by reason of such concentration. 
It is claimed that the Walsall power station is by far 
the lowest in cost per kilowatt of any yet erected in this 
country, due to special features in the design and type 
of plant installed, these special features consisting more 

rticularly in the arrangement of the coal-handling and 
boiler-house plant. 

The general arrangement of the coal-handling plant is 
fully described, the main object in the design being to 
obtain adequate coal storage and at the same time to 
save the heavy expenditure on constructional work 
necessary to provide for overhead coal-storage bunkers 
of large capacity. 

The boiler house is designed for six self-contained 
units, each unit consisting of a water-tube boiler with 
integral superheater, a superimposed economiser, ejector, 
induced draught plant, a steel “‘ Venturi’ type chimney, 
and a mecharical chain-grate stoker. Each unit is 
designed for a high duty evaporation of 30,000 Ib. of 
steam per hour from water entering the economiser at 
a temperature of 100 deg. F. In Appendix I particulars 
are given of the normal and high Saar tests of a boiler 
unit of the type adopted, the results showing an over-all 
efficiency of over 88 per cent. based on the net calorific 
value of the coal. It is claimed that the Walsall power- 
station is one of the first examples erected in this country 
for the accommodation of the special type of boiler unit 
deseribed, and the more important features and 
advantages of the design are referred to. 

A high concentration of steam-raising plant in modern 
power-h is advocated, and the important bearing 
which it has upon the general and structural design of 
modern power houses and its advantages are fully dealt 
with, as is also the design of boiler necessary to obtain 
such high concentration. 

The engine house is designed to accommodate three 
4,000-kw. turbine-driven alternators, of which two have 
been erected. The turbines are of the compound 
horizontal impulse type, and work with steam at a 
pressure of 180 lb. per square inch and a temperature 
ranging from saturation to 620 deg. F. at the stop valve, 
the normal speed being 3,000 r.p.m. The construction 








_* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, March 20, 1917. 


of the turbines is described and attention is drawn to 
special features, more particularly to the provision of 
directing boxes for the control of the various oil and 
water pumps which, although the rule for marine work, 
have been Dut little used on land. The cond 
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of the surface type, with rotary kinetic air pumps and 
centrifugal water-circulating pumps driven by electric 
motors. The arrangement is fully described, as also are 
the various appliances for measuring and recording the 
steam consumption of the turbines. The alternators are 
of the revolving-field type and generate three-phase 
alternating current at a pressure of 6,600 volts between 

hases, with a frequency of 50 cycles per minute, the 
ull-load output of each alternator being 5,000 kilovolt- 
amperes. The more important features in the construc- 
tion of the alternators are described, as also is the system 
of ventilation which has been applied and which, it is 
claimed, has special advantages. The extra high-tension 
switch gear is fully described, and the special features 
in its design and construction are referred to. The actual 
cost of the works under the various contracts is set forth, 
the figures showing that the cost of a 12,000-kw. station 
of the design described, at 1914 prices, is approximately 
51. 3s. per kilovolt-ampere of plant installed, or 6/. 12s. 
per kilowatt (cos @ = 0.8). 

It is claimed that the economy of the Walsall design 
represents not less than 30 per cent. to 40 per cent., and 
that not only has this economy been obtained without any 
sacrifice of efficiency for the sake of cheapness, but this 
type of station is in fact far more economical in operation 
than stations of more usual design. 

The cost of producing electricity at a station of this 
type is fully dealt with, and curves showing these costs 
and the effect of the load factor thereon have been 
prepared, An appendix shows in detail the total annual 
costs of production and costs per kw.-hour sent out 
with a station load factor of 30 per cent. The system 
of transmission and distribution to consumers is briefly 
referred to. 





SHIPBUILDING AcTIVITY IN SWEDEN.—The Gétawerk 
shipyard, in Gothenburg, is doubling its capital, from 
2,200,000 to 4,400,000 kronor. The recently formed 
Oresund yard, in Landskrona, on the Sound, is increasing 
its capital from 600,000 to 4,200,000 kronor. Old- 
established yards will find that the war and the ex- 
ceptional conditions it has created have vastly increased 
the shipbuilding capacity in almost every country. 
(1 krona = 1s. 14d.) 


AMERICAN SHIPBUILDING.—Contingent upon the fact 
that satisfactory contracts as to prices and delivery 
cannot be made with private yards, the Naval Appro- 
priation Bill for 1918, says The Iron Trade Review, 
Cleveland, Ohio, carries a provision appropriating 
12,000,000 dols. for the use of the Secretary of the Navy 
in enlarging navy yards for the construction of all 
classes of ships. It also raises the limit of cost of battle- 
cruisers from 16,500,000 dols. to 19,000,000 dols., and of 
scout-cruisers from 5,000,000 dols. to 6,000,000 dols. each. 
At the recent hearing before the House Committee it was 
plainly pointed out that this action would have to be 
taken regardless of whether the said cruisers were built 
in Government or private yards. The action of the 
committee, adds our contemporary, will greatly simplify 
the situation as to the construction of the four battle- 
cruisers and three scout-cruisers of the 1917 programme 
which remain to be awarded, provided the Secretary of the 
Navy abandons his hostility towards private builders. 
If he does not, the situation will continue to be a de- 
plorable one, as it would mean the enlargement of 
navy yards before beginning construction of these 
seven vessels, to say nothing of at least some of the 
vessels of the 1918 programme. But despite his bitter 
attacks on private shipbuilders as to their so-called 
unreasonable terms in connection with the building of the 
cruisers, it is believed that the Secretary will lose no time 
in making use of the increased limit of cost to award 
all seven of them to private yards, 


EpvcaTIoNaL FaciLities For British PRISONERS OF 
War.—At a representative and largely attended Con- 
ference of Examining Bodies in Great Britain, held on 
the 15th inst. at the Board of Education, under the 
Ceeg J of Mr. A. T. Davies, C.B., Chairman of the 

ritish Prisoners of War Book Scheme (Educational), 
it was unanimously decided, on the motion of Sir Edward 
Busk, University of London, to approve certain proposals, 
for the encouragement and recognition of the studies 
pursued by prisoners during their internment. Steps 
are being taken to give effect to these proposals, and 
various examining bodies, including most of the 
universities, have already intimated their willingness to 
recognise work done and examinations in the 
camps and to extend to the men, on their return, facilities 
for sitting for examinations under conditions which will 
take account both of their special circumstances and 
their needs. A message was read from the President of 
the Board of Education, in which Mr. Fisher expressed 
sympathy with the objects of the conference and his 
belief that the result of its efforts would prove a great 
encou ment to the men to use wisely and well the 
time of their captivity, and, further, would be of material 
assistance to them on their return to this country: It 
is intended that the decision arrived at shall be com- 
municated, as soon as possible, as ‘“‘a message of 
éncouragement and hope’’ to the various internment 
camps in enemy and neutral countries. Meantime, it 
was suggested that friends and relatives of student 
prisoners might do them a service if, when writing to 





them, they will draw their attention to the steps in this 


| connection which are being taken on their behalf. 
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Sim,—The success or failure as a business P ny 22s: ~m 
pends wholly on the ability to place 

correctly, or, to come to the point, a product for 
profit must be reliable and saleable, it should also conform 
to the most up-to-date scientific development and also 
conform to modern manufacturing methods. 

The sales manager is not considered an expert on 
modern means of production, but as a hyphen between 
the buyer and his company his advice in a general way 
must be considered. 

There is a wide gap between the engineering and the 
production departments, and a wider gap between the 
several departments as to materials, methods and 
equipment required. 

A good iron-moulder may know nothing about con- 
ditions in a brass foundry, nor is a blacksmith expected 
to be an expert on drop-forgings. 

The common term “machinist’’ is also a rather 
vague term, and the several grades of material and 
variety of work justify the statement that a ‘‘ good 
man ”’ in one department is of little use in other lines of 
machine work—some are all! right on small work, others 
on heavy machines. 

It is safe to assume, while the engineering department 
is, or should be, technical, there are problems of a 

ractical nature about which the average draughtsman 

as no more than a slight superficial knowledge ; and it 
must also be assumed the average shopman does not 
know the fine points in theory, and all that is required 
of him is to learn his bit and be capable of recognising 
his number on a time-clock. 

Modern up-to-date practice is only possible where 
each individual is a specialist in his department, and that 
in turn is a special department. The department 
foreman is the hyphen between his men and the general 
foreman, and he in turn is perhaps of value only in the 
machine shop, and need not even know where the 
several parts go or what function they perform in, say, 
an automobile motor. 

The assembly department is also capable of highly - 
developed technique; the building of an engine (petrol) 
calls for a high degree of subdivision or sub-assemblies, 
and if each small unit is reduced to a specialty each part 
or unit becomes the work of an expert specialist. This 
may apply to each department and even include the 
final assembly, inspection and testing of the complete 
whole, and every link in the chain of operations do its 
share and be responsible for its share of the complete 
unit. This is the problem of a works manager, and 
his success or failure is due to his ability to place the 
hyphens where they can get best results and get co-opera- 
tion. 

With careful study as to the degree of subdivision 
each in turn will develop to a point where the irregu- 
larities can be traced to their source, and where an 
inspector, not responsible to anyone but his limit require- 
ments, can play the réle of a friend rather than that of 
one desiring to show up all and every irregularity and dis- 
rupt organisation. 

Sven a suggestion from a moulder may have merit, 
and should be considered if this will aid to simplify or 
assure the placing of a core with more certainty. The 
successful hyphen in the truest sense is one who can 
judge values on a blue-print and detect defects in design 
before the several parts are ordered in quantities ; it is 
also advisable to submit details of the proposed design 
to each departmental foreman who eventually will have 
to consider them, and anything he may s as a 
means of increased production should be considered, 
provided, of course, the change will not interfere with the 
performance or function of the part considered. 

The same may apply to any jig, tool or ga he 
requires, as his observations usually develop some simple 
change of value which others in a general sense may 
never consider. A departmental foreman should be 
capable of handling men, and if he is limited as to the 
choice of suitable tools or is hampered by the lack of 
suitable facilities, the virtue he may have as to the men 
is of small value by comparison. 

He may not be able to design the part or the jig, 
nor has he the time to give this subject careful study, 
but he may be able to make a valuable suggestion based 
on previous experience. 

fficiency is also based on the proper choice of machines 
and their equipment in the shape of suitable jigs and 
fixtures that are simple, effective and easily and pwd 
operated, and the use of proper cutting speeds and feeds 
to insure rapid yet accurate work. This is possible only 
by a close observance as to the capacity of a machine 
equipped with every facility to eliminate as far as possible 
manual labour, and the use of proper cutting angles and 
sharp cutters or tools to assure the removal of material 
allowed for finish with the least possible effort, otherwise 
the quality of the work done will eventually be impaired, 
due to tool wear and vibration. ‘ 

Vibration is sometimes due to defective ig design 
and improper fastening of the piece ; it is also due to a 
desire to Bnish a surface with one cut; this is very 
evident where there is an excess of finish or irregular 
surfaces over which a cutter must pass. There is some- 
times‘a tendency to neglect a rougher; it is, however, 
important that first and second roughers do their proper 
share of the work, as it is poor policy to expect a reamer 
to do good work or hold a size simply because it once was 
doing good, accurate work ; each tool must do its | raed 
amount of work, otherwise the quality of the work done 
will be impaired. Finally, a speed boss is not always 
an efficiency expert, especially when the quality of the 
work is impaired due to the causes I have cited. Hand 
reamers, files and scrapers are ae y tools used to correct 
irregularities due to defective work, and their use is more 
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apparent when all the efforts are not along proper lines 
and due care is not exercised. 

Efficiency is based on the capacity for perfect work 
rather than a larger volume of work that has to be 
“fixed up,” or where a percentage finds its way to the 
scrap heap. In referring to a scrap heap, I do not 
suggest it is possible to get 100 per cent. perfect work ; 
there are defects that develop in casting; defects due to 
accidents, of course, are sometimes unavoidable, but 
where repeaters are the cause of a replacement order, 
then is the time to —— the cause and regulate it. 

A casting may develop flaws due to an excess amount 
of finish allowed, or the desire to forget about surplus 
metal because it is not seen ; this is especially true with 
some cylinder designs, where a surplus of finish removed 
may expose a spongy spot on the bore, while it would not 
be evident where a reasonable amount had been allowed, 
and what that amount should be is governed by several 
conditions. Firstly, there is a variation in all castings— 
even an automobile crank-case made off a metal pattern 
and by the same moulder will vary in length from 
} in. plus to } in. minus, while the depth will not vary 
more than one-fourth of that amount; but it is liable 
to be warped out of shape for several reasons—firstly, 
due to design ; secondly, due to carelessness in opening 
the mould too soon, so that the casting is cooled on 
one side before the other. 

Under normal conditions a casting should have a 
minimum of finish, governed by the length of the piece, 
ys in. on each end is not too much for an aluminium 
crank-case 46 in. long, while J; in. may be sufficient for 
a piece 6 in. long; and when we consider it takes power 
to remove metal, it would seem reasonable the least 
possible the better, and what that amount is should be 
specified on the drawing by someone capable of judging 
conditions. 

A good design means more than one kind of result, 
and the more it conforms to all conditions the better. 
An automobile engine cylinder has engine conditions to 
meet. It must be cast, cleaned of core sand and machined, 
All are important, and any concession required that 
will not conflict with others, should be intelligently 
studied and considered, otherwise production may suffer, 
with no material gain as to presumed first cost. 

It is always easier to change a drawing than a pattern 
or core-bore, and better to change both than interfere 
with production. This means there should be a hyphen 
with ability to see defects on a drawing and with sufficient 
influence to see they are removed to get ideal conditions. 

The average machinist can cut a tool clearance, but 
it is easier to provide one on the casting. A moulder 
can support a jacket core on chaplets, but he prefers 
a print, as he can use the latter to carry off vent gases, 
and, incidentally, the core can be removed with some 
degree of certainty. 

While the ability of a resourceful machinist is always 
of value, it is never a sane business policy to furnish 
puzzles for him to solve and insist he continue to solve 
them rather than consider what is advisable and eliminate 
the defects. 

Finally, it sometimes happens the man who enters by 
the front door at 8 a.m. is considered of more importance 
or value by reason of that fact. This is a fallacy, as the 
colour of a man’s shirt has no bearing where business is 
business and efficiency, and dividends are the rule. 
This is evident sometimes where we find an office fitted 
up like a bank and the shop like a barn and windows 
like a jail. 

It is a recognised fact workmen must be comfortable 
to produce the best results ; it is false economy to think 
otherwise. 

I am, yours truly, 
James McInrosu. 

38, Prince Regent-street, Leith, Scotland, 

March 5, 1917. 





WIND PRESSURE. 
To THE Eprror or ENGINEERING. 

S1r,—At a recent meeting of the Manchester Association 
of Engineers, in the discussion on a very comprehensive 
paper on “Workshop Design,’ I had the temerity to 
raise the question of wind pressure, venturing to doubt 
whether it was at all necessary to allow for 50 Ib. 
horizontal pressure per square foot. As might have been 
expected, although the experiments at the National 
Physical Laboratory were quoted, the idea of any 
reduction in the figure was scouted, though during the 
discussion one speaker, evidently a man of extensive 
practical experience, expressed the sarcastic opinion 
that a good many buildings would collapse if they were 
subjected to anything like 30 Ib. pressure per square foot. 

Before going on to tell you anything of my own 
experience I should like to refer to a series of articles in 
your Journal in which Mr. Percy J. Waldram commented 
on the proposed regulations under the London County 
Council for reinforced concrete buildings. In the issue 
of June 13, 1913, page 815, Mr. Waldram wrote :— 

Extensive experiments at the National Physical 
Laboratory have made it abundantly clear that a negative 
drag oceurs on the lee slope simultaneously with a 
pressure normal to the windward slope ’’ (of roofs) ‘‘ and 
that neither of these would approach the pressure 
deduced from the 20 
in Clause 18a.” 

He continues :— - , 

_ ‘We have been studying wind pressure for 150 years 
since Smeaton’stime. Up to a few years ago 50 to 56 Ib. 
per square foot horizontal represented established 
practice. In the 1909 Act this was reduced to 30 Ib., 
and in 1911 a further reduction to 20 Ib. upon everything 
Fry isolated projections is made upon improved 


Ib. horizontal wind pressure specified 


The experiments referred to by Mr. Waldram are to be 





found in the Collected Researches of the National Physical 
Laboratory.. The first set of experiments were a re- 

tition of experiments on a small scale made by Mr. 
e 0. V. Irminger, of Copenhagen, and reported in a paper 
read by him before the Institution of Gas Engineers in 
1899 (Transactions, page 187). The second. set of 
experiments were carried out on a much more ambitious 
scale. The method is to be found described in vol. v. 
of the Collected Researches of the National Physical 
Laboratory ; both sets of experiments were carried 
out under the direction of Dr. Stanton. He established 
the value of the constant R in the formula— 

P=RV? 

Where : 

P = Pressure in pounds per square foot of 
area exposed, 

V = Velocity of the wind current in miles 
per hour, 

R = 0.0027. 

Applying this value to the usual cases we get for 
a gale at 50 m.p.h., P = 8.25 lb. per square foot ; for a 
storm at 60 m.p.h., P = 12 lb.; and for a hurricane at 
80 m.p.h., P = 21 Ib. per square foot. 

In your issue of October 9, 1903, page 508, T. Nielsen 
gave a full description of the results, and an example of 
a roof truss treated on the basis of J. O. V. Irminger’s 
experiments. 

n his article Nielsen stated :— 

** Small, flat roof trusses”’’ (Mr. Nielsen means, by the 
word ‘‘flat,” roofs with only the usual inclination) 
**need only be calculated to carry dead loads alone, no 
reference being taken to the wind more than bolting 
down. . . .. For average-sized flat roofs”’ (as in his 
example) “it will be a great facility to neglect the wind 
pressures (louvre blades excepted) and only consider the 
suctions on the lee side, or, in other words, do just the 
reverse to what we have been accustomed to do. Onl 
for large roofs of halls and for steep-sided roofs bot 
pressures and suctions must be considered.” 

Mr. Neilsen’s article is well worth reading again by 
those who are interested. 

It was pointed out to me, in reply, that if you did 
not allow for wind, then you would have to allow for 
snow; & proposition to which there is no rational 
objection. But though in the design of such heavy 
buildings as engineering workshops the stresses due to 
wind are generally so small, in comparison with those 
due to other loads, that 20 or 30 lb. per square foot 
more or less does not matter, there are some buildings 


in the design of which the wind load is almost the greatest |. 


factor to be considered. 

During the past eight or ten years I have had to do 
with the design of a type of building of which some 
thirty or forty examples are now safely standing in 
various parts of the world, some in very exposed positions 
indeed. In this type of building the framework is 
formed of 6-in. joists, and the walls of 4}-in. brickwork 
built in panels between the members. 

It was competition that drove us to this design, and 
the same force may yet drive us to grapple with, and 
settle, this question of wind pressure. 

The question we had to decide was, what was the 
greatest height to which we might build these panels 
with safety ? The length of the panel would be as much 
as 15 ft.; it would not be safe to assume that the sides 
would offer any support to the centre of the panel. We 
had, therefore, to consider the strength of a brick beam 
44 in. deep and, say, 12 in. wide, for convenience of 
comparison with the wind pressure in pounds per square 
foot. We thought that we might take the tensile strength 
of a good lime and sand mortar as high as 25 Ib. per 
square inch and, as the panels were in some cases to be 
60 ft. above the ground-level, we assumed a wind pressure 
of 35 lb. per square foot horizontal. 

_ load per inch run of the beam, then, would be 
3 Ib. 


The section modulus would be— 


12 = =~ as. 
Then, in the equation— 
wR 
g ~ 4? 


t= /f 
w 
= /® x 25 x 40.5 
alee 
4’ ad 


We put the panels in 6 ft. deepand nothing happened. 
Ur tition, we soon inc 


ged on by com 
9 by 18 ft., and still nothing happened. 

Now, if you work backwards you will find that in a 
9-ft. brick panel there will be a tensile stress of 25 Ib. 
in the mortar joints when there is a little over 8 Ib. 
per square foot horizontal pressure on the panel. 

Another interesting example of the influence of wind 
— on the design of certain a was one which 

had to deal with some years ago. is building was 
60 ft. to the eaves, 45 ft. span, with absolutely nothing 
inside from which it could be stayed. The stanchions 
were about 10 ft. apart, and by staying the tops in a 
substantial manner, a device which was ible use 
the building was nearly square in plan, I was able to get 
the section down to 18 by 7 in. R.S.J., and if the figures 
are gone into ro’ y it will be seen that there was nothing 
to spare. Imagine my surprise when the design was 
rejected, and, instead of it, 12 by 6-in. stanchions with 
no top stays were adopted ; and that building is standing 
yet after eight years of wind and weather. It is only 
fair to point out that it stands in the middle of a large 
town. 





But I exhaust your patience. The facts are estab- 
lished, and it remains only for them ‘to be erally 
recognised by those responsible for ——. e sole 
object of this letter, if you will be so g as to publish 
it, is to raise such a discussion as may more thoroughly 
ventilate the subject. 

Yours faithfully, 
T. A. Tomirnson, 

34, Herbert-street, Moston-lane, Manchester, 

March 16, 1917. 





METRIC BILL, 1917. 


To tHe Eprror oF ENGINEERING. 

Sir,—The paragraph on page 155 of your issue for 
March 16 takes the form of very specious special pleading 
for the passage of this Bill. You say that it has not 
happened in other countries that the adoption of the 
metric system has involved the immediate scrapping of 
patterns, &c. This statement may be looked at from 
several points of view, all unfavourable to the Bill. No 
** metric’? country had any generally accepted standards 
comparable with those in use here, so that the change 
was comparatively easily made in the majority of cases, 
but even yet old standards persist in France and in 
Germany, the two most important “ metric ’’ countries. 

The metric system is at present on the same footing 
as the English units, and anyone is at liberty to make 
or buy or sell in accordance therewith, so that if the 
metric system is really better than the present units, it 
only remains for the majority of the people to appreciate 
these advantages to ensure its universal adoption, to the 
exclusion of the British units, without any legislation. 
The fact that compulsion is threatened shows that the 
metric system has no inherent advantage over the British 
units. 

Your paragraph very kindly (!) points out that all that 
will be required will be to buy and sell in metric 
quantities, and it would be interesting to know how its 
advocates propose to describe, for example, Whitworth 
bolts % in. diameter, 9 threads per inch, in the terms of 
the Bill. 

Before we are compelled to make the change some 
consideration ought to be given to the opinions of the 
British manufacturers, who, your paragraph would 
imply, are too ignorant of their own business to be 
worthy 

I remain, yours truly, 
DANIEL ADAMSON. 


of a hearing. 
Hyde, Cheshire, March 21, 1917. 





“DECREASE IN H.P. OF INTERNAL COM- 
BUSTION ENGINES DUE TO ALTITUDE.” 


To tHe Eprror or ENGINEERING. 

Srr,—Re letter on ‘Decrease in Horse-power of 
Internal Combustion Engines due to Altitude,’”’ in 
ENGINEERING, March 2, page 197: An error appears 
to have escaped notice, and the approximate equation 
given should be 

5! = 1 — 0.00003 A. 


Yours truly, 
C. Brooxs. 
Care of ‘‘ Shanklin,’’ Dover-street, Coventry, 
March 18, 1917. 





VULGAR versus DECIMAL FRACTIONS. 
To THE Eprror or ENGINEERING. 

Si1r,—Is it possible that Mr. Halsey thinks that a 
system of weights and measures suitable to the require- 
ments of our grandfathers is necessarily suitable to the 
requirements of to-day? Surely the micrometer, 
machine-cut gearing, interchangeability, the slide rule, 
&c., have their lessons to teach in this connection. With 
ever-increasing calls for accuracy, vulgar fractions, 
especially fractions based on repeated divisions by two, 
break down. Blanks for machine-cut wheels are 
dimensioned, for example, 14.33 in., and not 144, 
because the decimal is simpler and more easily worked to. 
The third of an inch is not used in practice, and 0.333 
is preferred to its nearest binary vulgar fraction equiva- 
lent "74- 

Again, is it possible that Mr. Halsey thinks that 
engineers have not found out the practical advantages of 
decimal fractions in connection with the measurement 
of lengths, areas, &c.? Let him take a peep inside any 
good engineer’s hand-book, and it will be strange if he 
does not find 75 per cent. or over of those tables involving 
fractions to be expressed in decimal fracti Where, 





to | for instance, will he find the area of a 5-in. circle given as 


19244, instead of as 19.635. 

ecimal fractions are already very widely used, and as 
science permeates industry and progress is made their 
use will inevitably be further extended. The question 
to be decided is hardly “‘ Vulgar versus Decimal Frac- 
tions,” but ‘‘ Decimal Fractions plus Vulgar Fractions 
versus Decimal Fractions alone ’’—though, as Mr. Halsey 
has pointed out in connection with the American cur- 
rency, a decimal system does possess the advantages of 
divisibility by two in no smal] dergee. 
Yours faithfully, 


W. W. PapFriep. 
42, Lower Oldfield Park, Bath. 





CARBIDE 1n GeRMany.—Carbide is at present some- 
what scarce in Germany and the retail price has risen 
from 50 to 60 pfennig during the greater portion of last 
year to 1 mark at the end of the year, and 1.50 marks in 





the beginning of the present year. The Government 


has now requisitioned all stocks of carbide. 
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COOLING STEEL SHELL FORGINGS. 

We annex an illustration showing the arrangement 
of trolley for supporting steel shell forgings during 
cooling which was referred to by. Sir Robert A. Had- 
field in the course of the discussion on the heat treat- 
ment of steel which took place at the meeting of the 
Institution of Mechanical Engineers on Friday last. 
Sir Robert’s remarks are reported on page 263 of our 
present issue. The arrangement illustrated consists 
of a trolley fitted with a number of uprights, on each 
of which a shell forging is supported, the blanks being 
thus kept quite free of each other with a free air 
circulation around them. The trolleys, loaded with 
blanks, can of course be readily run off to any position 
considered best under existing conditions. 





INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics, 
dealing with the state of the Labour Market in The 
Board of Trade Labour Gazette, says that all the principal 
industries continued to be fully employed in February, 
and much overtime was worked. The shortage of men, 
owing to further enlistments, increased, and the need 
for effective measures for making the best possible 
use of the man-power of the country became still more 
apparent. 

The changes in the rates of wages (including war 
bonuses) reported to the Department as taking effect 
in February affected over 660,000 workpeople and 
resulted in a net increase of nearly 57,0001. per week. 
Increased bonuses were granted during the month to 
coal miners in Cumberland, Yorkshire, Lancashire and 
the Midlands, to cotton spinners in Lancashire, and 
boot and shoe operatives in Northamptonshire. 

The number of disputes beginning in February was 
27, and the total number of workpeople involved in all 
disputes in progress was 11,165, as compared with 
6,774 in the previous month, and 12,831 in February, 
1916. The estimated total aggregate duration of all 
disputes during the month was 43,300 days, as com- 
pared with 24,500 days in January and 102,600 days 
in February, 1916. 

The average weekly number of vacancies notified 
to all Employment Exchanges for the four weeks 
ended February 9 was 42,004, as compared with 
35,296 in the previous five weeks, and with 45,948 in 
the four weeks ended February 11, 1916. The average 
weekly number of vacancies filled for the same periods 
was 33,856, 25,714 and 28,902 respectively. 


Retail food prices in the United Kingdom on the 
Ist inst. were about 2 per cent. higher than a month 
earlier. A comparison of retail prices of food on the 
Ist inst. with those of a year ago showed an increase 
of about 32 per cent. The increase from July, 1914, to 
the Ist inst., in the cost of all the items ordinarily 
entering into working-class family expenditure, includ- 
ing food, rent, clothing, fuel and light, &c., may be 
estimated at 65 per cent., says The Board of Trade 
Labour Gazette, taking the same quantities and descrip- 
tions of the various items at each date and eliminating 
advances arising from increased duties. 

Still no particulars regarding the movement of retail 
prices of food in Berlin and Vienna could be published, 
as official figures had not been received. 

In Italy, prices on the Ist inst. were 38.5 per cent. 
higher than in July, 1914. 





The Paris journal L’Industrie Electrique reproduces 
as follows the figures given in the German Reichstag 
by Hellferich on the employment of women in the 
German industries. The first figures are those for 
July 1, 1914, and the second those for July 1, 1916. 
In the electrical industries the proportion of women 
employed rose from 24 per cent. to 55 per cent. In 
other industries the respective figures were : chemicals, 
7 to 23 per cent. ; metallurgy and engineering, 7 to 19 
per cent. ; textiles, 54 to 64 per cent. ; woodworking, 
15 to 26 per cent. ; clothing, 53 to 64 per cent. ; agri- 
culture and work on the land, 32 to 45 per cent.; build- 
ing, 3 to 9 per cent. It is quite probable, adds our 
contemporary, that since July 1, 1916, the proportion 
of women employed has again largely increased, by 
reason of the war and of the systematic encouragement 
which female labour has received on the part of the 
German Government. 

On Friday last, the 16th inst., Mr. C. P. Barber, 
member of the Junior Institution of Engineers, read 
before that Institution a short paper on “ Munition 
Work Abroad.” In this he stated that the workshops 
at the Front for the repair of equipment which may 
require attention either through wear or through the 
effect of hostile fire had become a very important 
factor, because whenever a repair could be effected at 
the seat of activity considerable advantage was gained. 
As far as possible the most urgent repairs, such as gun 
and gun carriage repairs, were carried out within a few 
miles of the pa of action, while some of the minor, 
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though not unimportant repairs, were effected on the | which was arrived at between the representatives of 
spot. It, however, fell to the lot of the base work-| the Amalgamated Society of Engineers and the 
shops to deal with the majority of repairs. The work- | engineering employers on Friday last. 

shop might probably employ 2,000 to 3,000 hands, the, “ After hearing the views of both the employers and 
majority of whom were men of H.M. Forces, and the | the workmen’s representatives in regard to the stoppage 
remainder women of the town wherever the workshop | on the Tyne, the Minister would urgently request that 
chanced to be pitched. An old mill was occasionally | a return to work should take place without delay ; 
chosen, having some very useful machinery, and also | and, in accordance with the telegram he sent to the men 
most of the buildings which would be required. Further | yesterday, he would guarantee that if work be resumed 
power required as time advanced was obtained by | at once a hearing of the case, and a decision, will be 
the erection of one or two engine sets of about 20 h.p. | given within a week from restarting. It may be 
With few exceptions, all guns and carriages which could | possible to obtain a decision in less than a week, and 
not be repaired a few miles behind the lines were sent | he will use his best endeavour to do this. If the men 
home. An average of 40 to 50 vehicles were repaired | return to work, the night shift on Thursday and the 
weekly in the carpenters’ and wheelers’ shop, .which | day men on Friday, he will arrange for the Committee 
also repaired an average of 400 wheels per week. on Production to hear the case on Monday afternoon, 
the 26th inst. 

We are informed that the threatened strike of several| “‘ On receipt of a wire from your representatives at 
hundred thousand American railwaymen for an eight- | Newcastle that they have been successful in securing 
hour day has been averted. The pressure exerted by | a resumption of work by all the men, the Minister will 
President Wilson on the parties in the dispute and the | at once communicate with the chairman of the Com- 
sinking of American ships have hastened a settlement. | mittee on Production.” 

The Supreme Court has upheld the Adamson Law which! “ P.S.—The question for the hearing referred to in 
grants the railwaymen an eight-hour day. We have | this letter is the original application on November 9, 
referred to this law on several occasions in our columns. | 1916.” 

It is understood that the hearing on Monday next 








The following figures are taken from the sixteenth 
Financial and Economical Annual of Japan, 1916, issued 
by the Department of Finance, Tokyo. In the year 
1914 the operatives in textile factories numbered 
71,451 males and 464,848 females, total 536,299. In 
machine and tool factories there were 83,441 male and 


mentioned in the above letter will, if desired, include 
the other trades affected. 





Navat InvEntIons.—The First Sea Lord specially 
asks that the public will refrain from addressing letters 
on the subjects of inventions or policy, &c., to him 


4,184 female operatives, a total of 87,625. In personally. They should be addressed either to Board of 
chemical factories the figures were 55,995 male and| Invention and Research, Victory House, Cockspur- 
28,101 female operatives, a total of 84,096. The food | street, 8.W. 1, or to the Secretary of the Admiralty. 
and drink factories occupied 47,478 male and 10,882 | Great inconvenience is caused by the daily receipt of 
female operatives, total 58,360. Miscellaneous factories, large numbers of private letters on naval inventions 





including printing and publishing, wood and bamboo 

work, &c., occupied 51,757 male and 27,023 female 

operatives, a total of 78,780. Special factories gave 

employment to 8,545 male and 259 female operatives, 

a total of 8,804; they comprised electrical works 

3,505 and 8; gas works, 1,709 and 21; and mining 

industries 3,331 and 230. These two latter figures 

must apply to the operatives employed in the open at 

special mining industries, for in another table of the 

report the mine operatives are stated to have numbered 

77,214 in metalliferous mines, 182,637 in coal mines, and 

10,729 in non-metalliferous mines, a total of 270,580 

operatives, who worked a total number of 70,370,338 | 
days, an average, therefore, of 260 days per year per | 
operative. In 1905 the corresponding totals were | 
154,975 operatives and 41,027,715 days worked, an| 
average of nearly 265 days per year per operative | 
employed in the mines. 





The following is a copy of a letter which was sent 
last Wednesday by the Secretary of the Ministry of | 
Labour, Mr. D. J. Shackleton, to Mr. Robert Young, | 
the general secretary of the Amalgamated Society of 
Engineers :— 

“I am desired by the Minister of Labour to request 
that you will convey to the men on strike on the Tyne 
his very deep concern at the interruption in the supply 
of munitions of war which are so urgently needed by 


the Army in the field and the Navy and the delay in 
providing guns for our mercantile marine, who are 
running such grave risks from the German submarine. 
He cannot help but feel that some misapprehension must 
exist in the minds of the workmen as to the arrangement 


and other such matters addressed personally to Admiral 
Sir John Jellicoe. 





PETROLEUM IN ARGENTINA.—The production of 
petroleum in Argentina, under the monopoly of Govern- 
ment, increases rapidly, says Revista Minera, Madrid. 
The following are the figures for the last five years :— 


Tons. 
1911 wet a rs be des 920 
1912 oes nee ant aoe wee 6,850 
1913 nt — att an --- 19,050 
1914 iat esa — an .-- 40,530 
1915 eis ide Ses <a we TERS 


The Argentine Government appears to be desirous of 
increasing the number of shafts with a view to largely 
increasing the output. 





Free Risk iv Furnaces Burnine Om Furer.—The 
quarterly bulletin of the American Railway Fire Pro- 
fection Association states that a serious risk exists in 
furnaces burning oi! fuel on account of the connection 
of the blast pipe being sometimes improperly made. 
In some furnaces this pipe rises from the ground or from 
beneath the furnace. In such a case there is a chance 
of the operator shutting off the air before the oil is turned 
off, allowing the oil to leak or run down into the blast 
pipe. On starting the blast afresh a fine spray of 
as may be blown fromm the blast pipe, and this is liable 
to cause a fire or an explosion. e blast pipe should 
enter the burner from the top, so that in case of a leak 
the oil will run into the furnace and be burnt, thus 
removing the risk alluded to. Further, the fuel oil 
supply pipes should be buried underground up to the 
point at which they rise to the burner. The breaking 
of overhead oil pipes frequently causes fire in buildings 
otherwise considered safe. : 
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. ali ; a « | floor space at the maximum rating. A condenser, having One of the first sets of 15,000 kw. i i , 
STEAM TURBINES FOR LAND PURPOSES. 20,000 sq. ft. surface, maintains a vacuum of 28} in. | Messrs. J. Howden poco Ae was installe, my 


By H. L. Guy, A.M.I.Mech.E., Assoc.M.Inst.C.E., (30-in. barometer) at maximum load when supplied with 


] street Power Station of the Manchester © ion. 
Manchester. ; | 13,000 gallons of cooling water per minute at a tempera-| The turbine is of the Zoelly impulse one, ‘cniaing 
(Conel from page 246.) ture of 65 deg. F., thus 2 sq. ft. of surface is provided per | 14 stages, the tip diameter of the first row of blades) being 


kilowatt maximum capacity. 7 ft. 11% in., and that of the last 8 ft. 113 i 
Fig. 11, Plate XXIII, shows a sectional view of a set The following official test consumptions were obtained, asineoies tip speed when seneting sitll uae co 
supplied to the London County Council, rotating at 1,500 | the figures being corrected to 180 lb. per square in. gauge, | 472 ft. per second. An oil cooler of 820 sq. ft. surface is 
r.p.m., rated at a normal load of 8,000 kw. and a maximum | 550 deg. F. | provided to dissipate the heat generated in the bear- 


Fig.13 30000 K W.1500 RP M TURBO-ALTERNATOR AT NORTH-WEST STATION 
COMMONWEALTH ELECTRIC Co CHICAGO 
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Fe. 14. 30,000-Kw. 1,500 anp 750 R.P.M. Ser supPLIED To THE INTERBOROUGH Rapip Transit Co. 















































a7 ENGINE N°. RY 
. HORIZONTAL CONDENSING. ata a 1500 2000 
DIA. OF CYL.1'6"; STROKE 4:0°; R.P.M. 68. (s002.") Normal Load in Kilowalts. 
Origuval Scale so Origind Scale Yao : 
25*AugI9I16. FigJ6. RELATIVE STEAM CONSUMPTIONS OF 
26% Ang. 1915. Line of Boiler Pressure GEAR AND ROTARY DIRECT CURRENT SETS. 
a 
Back y 
§ 
x A ) Dotted Line Half Load. 
— — a a Full Line Full Load. 
Atmospheric Line 7 Atmospheric Line x 
Boiler Pressare 180Lbs Botler Pressure 180 Lbs. M 
Mean Pressure on Piston Mean Pressare on Fiston x 
av Lbs per Sg. Inch, Front 90-6 , tzu Lbs. per S¢ Inch . Front 78-6. g 
Back 97-0 Ind. H.P. 393 Back 618 .Ind H.P. 294. > ih 
LOW PRESS. CYLINDER. x 
DIA.OF CYL 3'6°; STROKE 4:0; R.P.M. 68. S 
Vacuum by Gauge 20° my 
Temperature of Discharge 158° >: os 
40 > 
x 26% Ang, 1915. z 
25 S 
. @ ry 
15 ® 
10 Rotary Scheme. 
. Atmospheric Line /\ S Gear Scheme. 
"eed nr : 
yay > aang hy on Pustorn Mean Pressure on Piston i, 
a per Sginch, Front 19-7, in Lbs. per Sg. Inch, Frort 1-85 
(so0e BOK 19-0 Ind. HP. 322 Back 10-45. Ind. HP. 188 —e un ~~ a 


15002 p) Normal Load in Kilowa//s. 





capacity of 10,000 kw. The turbine, which is of the British ings, or 1 sq. ft. per 18.3 kilowatts at normal rating. 
Westinghouse Rateau impulse type, and was designed | 94 f | 125 100 75 50 Originally it was intended to water-cool the bearings, but 
for a pressure of 180 lb. per square in. gauge, with steam oy td \ per cent. per cent. per cent. per cent. this has been found unnecessary. The largest bearing is 
at a total temperature of 550 deg. F., contains a two-row | 15} in. diameter, corresponding to a rubbing speed of 
velocity wheel, followed by 12 Rateau stages, the first i - 66.9 ft. per second, In line with modern practice the 
Rateau blade height being 1; in. and the Ist 14 in., ——. (30-in. a 28.5 | 985 | 98.82 28.95 turbine and generator roters are coupled by a solid 
so that the ratio of the last blade height to the mean adiabatic heat drop i ’ o; coupling. In earlier days a flexible coupling was 
diameter is just over 1 to 5, and the maximum tip speed B.Th.U. perlb.| 385 | 385 396 402.2 universally employed for coupling turbo-generators, 
565 ft. per second. The overall len of the set is Steam consumption because it was supposed that a solid coupling would 
37 ft. 2 in., and the maximum wi 12 ft. 7 in., so Ib. per kw.-hour | 12.208 | 12.453 12.598 12.809 | present great difficulty in erection ; most modern sets 
that 21.4 kw. capacity is provided per square foot of Generator ae 96 95.5 04.5 92.5 are now built with a solid coupli d tors prefer 


pling, an 
it certainly makes a 








Adiabatic turbine  effi- | it to one of the flexible type, while 
percent.| 75-4 | 744 72.2 | 71-4 | more reliable job. k ; 
| The condensing plant was supplied by Messrs. Richard - 


_* Paper read before the Manchester Association of ciency 
~ngmeers, on January 27, 1917. 
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sons, W and Co. The condenser contains 6,550 
tubes, | in. external diameter, providing a surface of 
24,000 sq. ft., or 1.6 sq, ft. per kilowatt. The shell is 
1l ft, diameter by 16 ft. between tube plates. The 
following are the nteed steam consumptions :— 
Steam conditions: 190 lb. per square inch gauge, 
530 deg. F. total temperature, 27.5 in. vacuum, adiabatic 
heat drop 357.4 British thermal units per Ib. 








| 125 | 
Load .. { Per | 4/4 | 3/4 | 1/2 | 1/4 
| cent. | 
seein a ae a ee 
Steam consumption, Ib. | | | 
kw.-hour .. ee .-| 14.25, 13.65 14.12) 14.92) 16.95 
Combined enerator and 
turbine efficiency p-c.| 66.7 | 69.5 | 67.2 | 63.6 | 56.0 
Assumed generator efficiency, 96.0 | 95.0 | 94.5 | 93.0 | 87.5 
so turbine | 
efficiency .. pec. 69.5 | 72.9 | 71.1 | 68.5 | 64.0 





For examples of high-pressure turbines of the largest 
size we have to turn to the United States of America. 
The British market in the past has not demanded units 
of similar capacity, but when such sets are required 
British makers will be found able to cope with the demand 
in the fullest measure. 

One of the most notable American large sets is that 
shipped in 1913, by Messrs. C. A. Parsons, for the Fisk- 
street Station of the Commonwealth Edison arty 3 
The plant is rated at 25,000 kw., at 95 per cent. P.F., 
and runs at 750 r.p.m., the generator being 25 cycles, 
three-phase. The following consumptions were guaran- 
teed :—Steam conditions : 200 lb. per square inch gauge, 
200 deg. F. superheat, 29 in. vacuum, adiabatic heat 
drop 418.5 British thermal units per Ib. 





f; 25,000 | 20,000 | 10,000 
aecide Cetoe (tk el ak ie 
| | ; 
Steam consumption, Ib. kw.-hour..| 11.65 | 11.25 | 12.5 
Combined turbine and generator | 
efficiency .. oe «+» pe 69.8 72.3 65.0 
Assumed generator efficiency -| 96.0 95.0 92.0 
Corresponding turbine efficiency ..| 72.7 76.1 70.7 


The construction of the turbine is shown in Fig. 12, 
Plate XXIII, from which it will be seen that the high-pres- 
sure blading consists of 64 rows, arranged in six expan 
sions. The first blade is 2} in. and the last 6} in.long. The 
low-pressure cylinder is built on the double-flow principle, 
each flow containing 24 rows of blades, arranged in six 
expansions, the first blade height being 2} in. and the 
last 19 in. ; the ratio of the blade length to mean diameter 
is approximately 1 to 5.6, while the tip speed of the last 
row is 410 ft. per second. The exhaust is 252 sq. ft. 
in area, which at 25,000 kw. corresponds to an exhaust 
velocity of 190 ft. per second. A condenser shell built 
up of steel plates contains a surface of 39,300 sq ft., the 
tubes being 1 in. diameter. Thus at 25,000 kw. 1.57 
sq. ft. of cooling surface is provided per kilowatt, or 
7.42 lb. of steam are condensed. per square foot. The set 
is 76 ft. 2 in. long, and measures 18 ft. at the widest 
point; the capacity per sq foot of floor space is 
therefore 18} kw. at maximum. 

A typical installation by the General Electric Company 
of America was —— or the North-west station of the 
Commonwealth Edison Company of Chicago. Fig. 13, 
page 283, shows a sectional a ae of this set, which is rated 
at 30,000 kw. at 1,500 r.p.m., the alternator being of 
the three-phase 25-cycle type, generating at 2,000 volts. 
The turbine is designed for 230 Ib. per square inch, 
600 deg. F. total temperature, and 29 in, vacuum. 
The turbine consists of a high-pressure and low-pressure 
cylinder placed in tandem, the high-pressure cylinder 
containing a two-row velocity wheel with an approximate 
mean diameter of 7 ft. 6 in., followed by nine single-row 
impulse wheels, which expand the steam down to 7 Ib. 
per square inch absolute, at which pressure it enters 
a two-stage double-flow low-pressure turbine, having 
wheels of an approximate mean diameter of 9 ft. 9 in. 
A rectangular exhaust area of 168 sq. ft. connects the 
turbine to the condenser. The ratio of the length of the 
last blade to the mean diameter is approximately 1 to 7.8, 
and the tip speed 860 ft. per robe The average ratio 
of the velocity of the blades to that of the steam entering 
them is 0.49. The bearings are water-cooled Li 








and having similar overall dimensions, weighs 435 tons, 
or 32.5 lb. per kilowatt. The co ion guarantees 
of this set an as oye ae i yn 215 Ib. 
per square inch gauge, . F. superheat, 28.5 in. 
vacuum, adiabatic heat drop 403 British thermal units 


rv lb. 
* A typical example of the type of large unit manu- 
fact by the rican Westinghouse Company is 


rovided by the 30,000-kw. set supplied to the Inter- 
cou Rapid Transit Company, and started up in 
December, 1914. In 1901 four 7,000-kw. Allis Chalmers 
reciprocating sets were installed, having a steam con- 
sumption of 17.3 lb. per kilowatt-hour, with steam at 
150 lb. per square inch, and exhausting into a vacuum 
of 26 in. These engines have now been taken out and 
replaced by three turbines with a total capacity of 
90,000 kw., onauaes the same floor as the 
original engines. The purchase price of the turbine sets 
per kilowatt was only 22.5 per cent. of that of the engines, 
while the > coal alone on one set is estimated as 
being over 40,000/. per annum. Since the installation 
of the first set the average monthly coal consumption 
has been reduced from 2.5 to 1.5 lb. per kilowatt-hour. 

The steam end of the plant consists of a high-pressure 
and separate low-pressure turbine, each coupled to its own 


alternator, but permanently connected on the electrical 
side, the high-pressure turbine running at 1,500 r.p.m., 
and the low-pressure at 750 r.p.m. Steam entering the 


r square 
ded in six 


high-pressure turbine at a pressure of 200 Ib. 


a few of the results being shown above. Steam con- 
sumptions are corrected to 215 lb. per square inch 
absolute, 120 deg. F., 29 in. vacuum (30 in. barometer), 
co ing to an adiabatic heat drop of 399.9 British 
thermal units per lb. 

Geared Turbines.—The geared turbine has now estab- 
lished a place for itself as an important prime mover 
for various land purposes in all those cases where the 
most suitable of the driven machine is less than 
half that of the speed of the turbine. An application 
which will occur to you immediately is the use of gears 
for driving a direct-current generator. In such a case 
there are three alternatives deserving consideration :— 

(a) The turbine may be direct-coupled to a high-speed 
direct-current rator, running at a speed of 2,500 to 
3,000 r.p.m. difficulty with such a machine lies in 
the construction of a satisfactory commutator, and in 

ite of the fact that some ingenious devices have been 

veloped to overcome these difficulties, such as the 
radial commutator, a 500-kw. set in a single machine 
appears to be the limit for safe operation. For outputs 
Salow that stated, when the voltage is suitable, this type 
of plant is cheaper, as efficient, and occupies less space 
than either of the alternatives. 

(6) A turbo-alternator, running at 3,000 or 3,600 
r.p.m., can be used in conjunction with a rotary converter, 


forming a combination which, in certain cases, has 
distinct advan This combination is icularly 
suitable when direct-current power must supplied 





inch, with 120 deg. F. superheat, is expan 


Fig.18. 
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to several points some distance apart, when the trans- 











































Extraction Air Pump. Turbine. Circulating 
Pump. 2500 R.P.M. 2500 R.P-M Pump. 

£800 R.PM. 21 3 525 R.PM. > 
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expansions of 8, 6, 13, 6 and 8 rows of blades respec- 
tively to a pressure of 14 lb. per square inch absolute 
when the most economical load of 25,000 kw. is carried. 
The height of the first blade is 4 in., the last being 9 in. 
Cast steel is used for the high-pressure cylinder. Each 
side of the double-flow low-pressure cylinder contains 
20 rows of blades, arranged in six e ions of 5, 4, 2, 
2, 2 and 4 rows of blades respectively, the first being 6 in. 
and the last 18 in. high, rotating with a mean peripheral 
speed of 400 ft. per second, so that the ratio of the length 
of the last blade to its mean diameter is 1 to 6.75. This 
7 cylinder weighs 147 tons, while the weight 
of the low-pressure rotor is 57 tons. The turbine was 
designed for an average ratio of the speed of the blades 
to that of the steam entering them of 0.75. Asingle collar 
thrust bearing of the rocking segment type is provided 
to take up the thrust, both for the high-pressure and the 





at a pressure of 20 Ib. per square inch, the largest bein 
24 in. diameter by 52 in| he so that the subting agpel 
is 157.5 ft. per second; 40 4 of oil per minute are 
pe ag at a pressure of 30 lb. per square inch, the oil 
tank having a capacity of 600 gallons. The surface 
condenser contains tubes of 1 in. diameter, arranged in 
two flows providing 50,000 sq. ft. cooling surface, and 
is desig to 360,000 lb. of steam per hour 
when supplied with 52,000 gallons of cooling water per 
minute. Thus a surface of | 66\sq. ft. is provided per 
kilowatt, 7.2 Ib, of steam be.ng cond per sq 
foot. This turbo-generator is 59 ft. 6 in. long by 
18 ft. 4 in. wide, so that a capacity of 27.5 kw. is provided 
per square foot of floor space. 











| 
30,000 | 22,500 | 15,000 
Load | , . | ', 
{| kw. kw. . 
| - -| — 
Consumption, lb. kw.-hour .. z 12.45 11.9 12.75 
Combined turbine and generator | 
efficiency .. ve - -+| 67.8 71.0 66.2 
Assumed generator efficiency --| 96.0 95.0 93. 
Corresponding turbine efficiency 70.6 74.8 71.4 
| 


A set of the same rating and speed by the same maker, 





low-p rotor. The area of the exhaust is 19% sq. ft., 
so that the exhaust velocity is 250 ft. per second when the 
load is 25,000 kw. and the vacuum 29 in. In the rotors 
the stress in the drums and discs at full speed is less than 
4.3 tons per square inch, so that ordinary materials can 
be used in its construction. 





| | | 
Load f 32,348 | 26,740 | 26,505 | 21,925 16,342 
Ul kw. | kw. | kw. | kw. kw. 
- —|-——_—— - | 
Corresponding  con- 
sumption, Ib. kw.-hr., 11.332, 11.258 11.274 11.421 11.770 
Assumed generator 
efficiency .. --, 96.0 95.0 95.0 94.3 94.0 
Turbine efficiency re- | 
lative to tic | 
expansion .. .| 78.25 | 79.6 | 79.5 | 79.0 | 77.0 


After passing through the low-pressure cylinder the 
steam passes into two surface condensers, each having 
25,000 sq. ft. of surface, which maintain a vacuum at 
29 in. when supplied with 37,500 gallons ling water 


mission losses and cost of mains can be kept to a minimum 
by generating at a moderate or high voltage and trans - 
forming down at the sub-station where the rotaries are 
installed. In many instances direct current is essential 
for a part of the system only, while the remainder can be 
served more efficiently by an alternating supply, a case 
for which the rotary plant is peculiarly suitable. With 
such a mixed system of distribution the rotary converter 
has the further advantage that it can be run inverted, 
taking direct current from sets with which it works in 
parallel, or from a battery, and supplying alternating 
current into the mains, thus helping out the alternating- 
current sets in case of a breakdown. 

A further advantage will arise if the linking-up schemes 
now under consideration mature, because direct - 
current stations will receive alternating current from the 
trunk mains and convert it into direct current by means 
of an existing rotary plant, thus having their main turbo- 
alternator sets as a stand-by, whereas in the case of 
the direct-connected or of the red direet-current 
generator it will be necessary to install rotaries. The 
turbo-generator rotary plant does not suffer from the 
limitation in desirable size which applies to the other 
two alternatives. 

(c) Double helieal turbine gearing can be employed to 
reduce the speed of the turbine to that most suitable for 
an engine-type direct-current generator; the of the 
former is usually between 3,000 and 4,000 r.p.m. for units 
of moderate size. 

The relative merits of the two latter alternatives are 
shown in Figs. 15 and 16. The cost of the two types of 

lant are plotted in Fig. 15 as ordinates, the output 
boing abscisse. At 1,500 kw. the purchase price of the 
two types is the same, for larger outputs the rotary 
scheme is the cheaper. 

The steam consumption for the two types has been 
plotted in Fig. 16, showing that the rotary plant has « 
consumption at-full load from 3.8. to 18 per cent. higher 
than the geared combination, a saving in favour of the 





per minute. t the economical rating 2 sq. ft. of 
surface is provided per kilowatt, co mding to 
5.635 lb. of steam per square foot. An elaborate series 





of tests were carried out by Mr. H. G. Stott on this set, 


g d scheme, which for sizes above 1,500 kw. is more 
than balanced by the lower purchase price of the rotar) 


set. 
One of the largest geared direct-current sets was 
supplied to the Cleveland Electric Hluminating Company, 
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Ohio, in 1912. The turbine, which is of the back-|of this solution can be illustrated by the following Scheme C.—A 3,600-r.p.m. turbine, coupled through 
pressure type, exhausting at atmospheric panenane, | CHEE. ‘ — ; a 7.2 to 1 reduction gear to an alternator running at 
running at 1,800 r.p.m, is coupled en fee | A chester firm was faced with this difficulty in a | 500 r.p.m., 

through a double helical gear of the Melville- Ipine | recent extension to their power-house. A set normally! Scheme D.—A 3,000-r.p.m. turbine directly coupled 
type. The particulars of these gears as given in the rated 1,500 kw. was required to supply a three-phase |to a 50-period alternator, and electrically coupled to a 
table in column 3 may be of interest. 440-volt, 25-cycle system. These requirements could | 50-period motor, driving a 25-period alternator. 
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POWER OBTAINED FROM HEATING STEAM. Fig. 22.MOLLIER DIAGRAM FOR REDUCING TURBINE. Melelite-Masaipine Meteal Gears. 
45: l ] 
| § — ee | Pinion | Wheel | No. Teeth 
ey Max. | Plaion heel Pitch Pitch on 
FS ne b.b.p. | p.m. r.p.m. diam. diam. Pinion. 
S 4 
s ‘ae, SS en ai a 
” 2 in. in. 
s 6, 5,500 1,800 180 10.392 103.43 26 
eS 8 
S 
S S| Ww 
Ms 3) 400 $ Cire. | Length | Vel. at Pitch| Lb. press, | No. of | Angle 
Q Ww A1282 BTU /Lb. Pitch | Tooth Circle per in. Pinion 0! 
rs 1h Teeth. | Face. ft.sec. | Face width.| Brgs. | Helix 
SS ~|2 . Ss ————————ee er 
S 3 3 am in. deg. 
| = > 1,255 40 81.61 92.68 3 30 
N ~|200) ¥ pee seruee. ve 
| APC. EES = al ——— 
£ S| 3H The relative steam consumption and costs of these 
y Ws rl schemes is shown in the following table :— 
3 wu 
g Ory. Z — 
x ory oe Steam Consumption. 
100 Scheme. ia Waar Cost. 
| Full Load. | Half Load. | 
0 0 RB 1. @e fm oh < — Sana | 
5022S) - Healing Steam Pressure /bs/0 9. . 2 “ e i a Be en 1.0 1.0 1.0 
en 24. cteaettin £nlroey. >: Sees ae A ee 1.005 
, Maghiithd, Siac tae Oe Oe Se 1.11 
oa hen alternators are required of moderate or small | be met by either of the following alternatives :— D.. oe oa ae 1.0 j 1.05 1.88 


be orb ee cycles, the alternator can, with advantage,| Scheme A.—A 1,500 r.p.m. turbine, directly coupled -P ——— $$. $$ 
yen | 


n by a geared turbine, because, with 1,500 r.p.m., | to an alternator. 
the turbine 


speed which is the highest possible for direct-| Scheme B.—A 3,750-r.p.m. turbine, coupled through a| Scheme B was adopted, a turbine having one velocity 
— sets, the plant becomes both expensive and | gear having a ratio of 5 to 1, to an alternator running | sta and seven Rateau stages being coupled to§a 
se ! Melville-Macalpine floating frame gear, driving a three- 


cient (see Fig: 1, page 244 ante), The possibilities | 750 r.p.m. 
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phase, 25-period alternator. 


The following are the main 
particulars of the gear :— 





fees Pinion Wheel | No. Teeth 
heel Pitch Pitch on 











Max. Phaion 
b.b.p. r.p.m. r.p.m. diam. diam. | Pinion. 
' | | 
| | 
| } | in. 
2,670 | 3,750 | 750 6.74 | 33.7 23 
Circ. Length | Vel. at Pitch | Lb. press. | No. of | Angle 
Pitch | Tooth Circle per in. Pinion of 
Teeth. Face. ft.-sec. Face width.| Brgs. Helix. 
in. in | deg. 
0.9206 | 26.5 110 404 | 3 30 








A further application of turbine gears lies in their use 
for rope-driven mills, where all the advantages associated 
with the use of a steam turbine as a prime mover can be 
realised by the installation of a turbine driving a rope 
pulley through a reduction gear, which does not necessi- 
tate any alteration in the main-rope race. 

In many mills in the Lancashire and Yorkshire districts 
the main engine has become seriously overloaded. Such 
@ position of affairs existed in Messrs. C. and J. Hirst’s 
mill, where a 360-h.p. low-pressure turbine was installed. 
It was necessary to install the new set in the very confined 
space of the existing engine-room. The gears were made 
by Messrs. D. Brown and Sons, and had the following 
characteristics :— 


8 Speed Pinion Wheel No. of 
Max. Plaion Wheel Pitch Pitch Teeth on 


| 
b.h.p. r.p.m. r.p.m. diam. diam. 











Pinion. 
hte — 
in. in. 

360 3,000 350 5 43 25 
Cire. | Length | Vel. at Pitch | Lb. press. | No. of | Angle 
Pitch Tooth Circle, | perin. Pinion of 
Teeth. Face. ft.-sec. | Face width.| Brgs. Helix. 

| in. | deg. ft. 
0.625; 11 65.5 275 2 32—12 


The turbine consists of a single two-row impulse wheel, 
40 in, mean diameter, a type which does not have a very 
high efficiency, but in spite of this and because of the 
lower efficiency of the low-pressure cylinder of the 
engine, substantial economies have been realised. Fig. 17, 
page 283, shows indicator cards taken by the Vulcan 

er and General Insurance Company, Limited, the 
first set being taken from the mill engine before, and 
the second set after the turbine was installed. On each 
occasion precisely the same machines were coupled up 
in the mill and were driven at the same speed. The 
former card shows a cut-off in the high-pressure cylinder 
of 44.6 per cent. on the front end, and 40.25 per cent. on 
the back end, or an average of 42.42 per cent., whereas 
in the latter set the cut-off is reduced to 20.85 per cent. 
and 27.3 per cent. at the front and back ends respectively, 
an average of 24.07 per cent., or 56.3 per cent. of the 
former value. 

Many engineers insist on having condenser pumps 
steam driven, and as all the pumps are usually designed 
on the rotary principle, a steam turbine is very suitable 
for this purpose. nfortunately a high-speed low-lift 
centrifugal pump, running at 2,500 r.p.m., is usually 
30 to 40 per cent. less efficient than one built for 500 
r.p.m, To overcome this difficulty a reduction 
can be introduced between the turbine and the centrifugal 
pump, the air and extraction pumps being directly 
coup to the turbine. Such a set, supplied to the 
Birmingham Corporation, and working in conjunction 
with a 5,000-kw. set, is shown in Figs. 18 and 19. The 
air and extraction pumps take 57 brake horse-power, 
while the circulating pump required 133 brake horse- 
power to drive it. In this particular case the geared 
scheme requires 39 per cent. less steam than one originally 
proposed, in which the circulating pump was directly 
coupled to the turbine and run at 2,500 r.p.m. 

© particulars of this gear, which was lied by 


inch, and passing it through a back-pressure or reducing 
turbine before it is exhausted to the heating main, a 
considerable amount of electrical power can be g ted 


In the vast majority of cases, however, the heating 
steam can be me ee at, or a little over, atmospheric 





for a small additional expenditure of coal, usually less 
than } lb. per kilowatt-hour. The amount of steam 
required for heating large buildings oy | be utilised to 
generate electrical power, and if central heating stations 
are ever introdu into this country on a large scale, 
the electrical energy which can be generated will represent 
a valuable by-product. With the back-pressure turbine 
the amount of steam required for heating purposes and 
the work which can be done by the turbine are directly 
connected. In many installations the amount of 
electrical power required and the demand for heating 
steam bear no direct relation to one another, so that a 
machine is desirable which will give either heating steam 
or electrical power independently, as the demand for 
either varies. To meet t requirements the reducing 
turbine was introduced, consisting of a back-pressure 
turbine, followed by a low-pressure turbine on the 
same shaft and in the same casing. A typical reducing 
turbine of a well-known type is illustrated in Fig. 20. 
The steam chest and valve gear have been shown in the 
top half of the cylinder, to make their purpose clear. In 
practice the steam chests should be placed at the side 
of the cylinder, attached to its lower half, so that the 
valve gear can be readily inspected or adjusted, and at 
the same time eliminating the necessity of breaking pipe 
joints when the top half of the cylinder is to be lifted for 
the inspection or removal of the rotor. In the turbine 
shown, steam from the high-pressure main, at some 
pressure usually between 150 and 220 lb. per square inch 
gauge, with a superheat from zero to 300 deg. F., passes 
through the stop valve and ys governor 
valve A into a steam belt, feeding the nozzles of the first 
stage. It then passes through a velocity wheel and a 
Rateau stage before being exhausted at some pressure 
between 60 lb. per square inch gauge and atmospheric 
into the heating main via the non-return valve J and the 
stop valve C. If the work done in the high-pressure 
stages just mentioned is less than the load on the 
generator, a certain amount of steam is by-passed by the 
automatic valve B through the Rateau stages in the 
low-pressure end, and expanded down to the vacuum 
in the condenser. A variation of 5 per cent. in steam 
pressure up or down is a reasonable range within which 
the automatic by-pass valve should maintain the heating 
steam pressure. If at any time the amount of a 
steam required exceeds that corresponding to the loa 

on the generator, the deficit is supplied by the reducing 
valve R. The non-return valve J is provided to prevent 
steam from the reducing valve R, or from another set, 
passing through the heating main into the low-pressure 
end of the turbine, when it would not be under the 


p , and under this head falls nearly all those cases 
in which steam is required to heat or boil liquids in open 
vats or maintain temperatures below 220 deg. F. e 
enormous increase in the work capacity of heating steam 
which accompanies a decrease in back pressure is shown 
graphically in Fig. 21. It will be seen that with steam 
at an initial pressure of 180 lb. per square inch and a 
superheat of 150 deg. F. the work which can be obtained 
is doubled by reducing the heating-steam pressure from 
60 lb. per square inch gauge to 10 lb. per square inch 
gauge, so that if 20,000 lb. of heating steam is required 
for 3,000 hours per annum, an additional 654,000 kw..- 
hours can be obtained with the reduction in heating- 
steam pressure stated, representing an annual saving of 
over 1,3501. if electricity is valued at 4d. per unit. The 
effect of changing the heating-steam pressure is given 
in the following table :— 





Percentage Change in Steam Consumption or Work Capacity 
of Heating Steam for a Change in Heating-Steam Pressure 
of 5 lb. per sq. in. gauge. 








Initial Initial Superheat. Deg. I. 
Pressure, 
Ib. sq. in. | | 
a | Dry. | 50 } 100 150 | 200 
| | 
200 | 6.85 6.5 6.15 5.8 | 5.45 
190 | 7.3 6.92 6.52 6.15 | 5.77 
180 7.75 7.35 6.9 | 6.5 6.1 
170 8.22 7.75 7.25 6.82 6.37 
160 8.7 8.15 7.6 7.15 | 6.65 
150 9.25 8.65 8.1 7.5 | 6.95 


| | 
| One of the great advantages of a reducing turbine, as 
compared with a reducing engine, arises from the fact that 
the mechanical losses are only from 1 to 2 per cent. of 
the output, and that the radiation losses are usually only 
about 0.5 per cent. of the heat supplied to it, so that all 
the losses except 1.5 to 2.5 per cent. appear as useful 
heat in the heater mains. The mechanical losses of back- 
pressure engines can be anything greater than 6 per cent., 
particularly if the back pressure is substantially greater 
than atmospheric, when the dimensions become very large 
relatively to the capacity of the set. The increased heat 
radiated from the engine cylinders can be appreciated 
from the fact that, while in a reducing turbine the heating 
steam performs the whole of its work in less than 4}, of 
| @ second, it would remain in an engine cylinder for about 
? of a second. 
The result is graphically represented in Fig. 22, 











control of the governor and might cause the machine to | which shows the expansion line A B for steam in an 
run away. An atmospheric relief valve is inserted|engine practically following an adiabatic line, the 
between the non-return valve and the heater connection | corresponding line for a turbine being A C when plotted 
on the turbine to prevent an unduly high pressure being | on a Mollier entropy diagram. Thus the heat in the 
produced in the high-pressure end of the turbine casing | exhaust steam is for the engine 1,135 British thermal 
in the event of the by-pass valve sticking when the stop | units per lb., and for the turbine 1,202 British thermal 





valve C is closed. When no heating steam is required 
the whole of the steam entering the machine passes 
through all the stages into the exhaust, and under these 
conditions the turbine operates as a straight high- 
pressure set. 

The economies which can be realised by the use of a 
reducing turbine depend in a large measure on the steam 
conditions with which it is to operate. In general it is 
safe to say that the initial pressure should be as high as 
commercial considerations will allow, and that 150 deg. 
to 200 deg. F. of superheat is desirable. Every endeavour 
should be made to keep the pressure at the heating steam 
outlet on the turbine as little as possible above that 
required at the heating plant, for which reason all the 
valves in the heating system—of which there are usually 
a large number—should be of high-class design, suitable 
for high temperatures and able to pass the full steam 

uantity with as small a drop in pressure as is practicable. 

his drop in pressure should be guaranteed by the valve - 
maker; a practice which, if followed in ordering valves 
for all purposes, would have considerable effect in 
improving their design. In many cases manufacturers 
are asked to supply sets designed for heating steam 
pressures of from 40 to 60 lb. per square inch in cases 
where 10 Ib. per square inch or even lower pressures 
would be quite suitable. The higher pressure is often 
given because steam has always been supplied at that 
pressure, and any change is opposed from a fear that 





rr 


Messrs. The Power Plant Company, are as follow :— 











g will not be so efficient, and may even be 
im ible if the pressure is lowered. 























| units per lb., an increase of 6.25 per cent. 
| Perhaps the position can be most readily followed by 
|considering the heat consumption of a plant where 
| 35,000,000 British thermal units per hour have to be 
supplied to heaters, and where an electrical load of 
500 kw. is to be carried. Suppose steam is generated 
at 180 lb. per square inch gauge, 150 deg. superheat, 
}and that the heating steam pressure is to be 20 lb. 
| per square inch gauge, the following alternatives are 
| considered :— 

(a) The heating steam generated at 180 Ib. per square 
inch and 150 deg. F. superheat, and supplied to the 
heater through a reducing valve. No electrical energy 
| supplied. 
| (b) A 500-kw. back-pressure engine is installed, having 
| an efficiency relative to the Rankine cycle of 65 per cent., 
the deficit in heating steam being supplied by a reducing 
valve. 

(c) Similar to (b), but using an engine having an 
efficiency of 75 per cent. relative to the Rankine cycle. 

(d) A 500-kw. reducing turbine is installed, having 
an efficiency of only 50 per cent. relative to the Rankine 
| cycle (a low value) the deficit in heating steam being 
| supplied by a reducing valve. 
| (e) Similar to (d), but using an ideal reducing turbine, 
| with an efficiency of 100 per cent. relative to the Rankine 
cycle. 

o all cases the losses in steam pipes—which are 

common to all—are neglected. 

The coal required per kilowatt-hour is obtained by 








| ere are cases where it is important to supply steam | subtracting total coal required for scheme (a) from that 
u one ee Pinion Wheel No. Teeth | at some definite pressure because it is essential that the | required by (6), (c), (d) or (e), and dividing by 500 kw.. 
b +3 r — M noel bon | — Pinis heating should take place at the temperature associated based on a boiler and economiser efficiency of 70 per 
Ba _— ~s. ee , on. | with saturated steam at that pressure. In these circum-| cent., with coal having a lower calorific value of 13,500 
; t the steam pressure required at the heaters can be British thermal units per Ib. 
, | | in. | in. | ~—— Sdaidnoaiiah ee Se ee ee a eS . . — 
183 2,500 | 525 4.24 | 20.16 21 | 
| Scheme (a) | (b) (e) (d) | (e) 
| i 
Cire. | Length | Vel. at Pitch Lb. press. |No.Teeth| Angle | 1. Steam required for generator set, Ib.-hour .. — 4+. se 17,150 25,750 12,875 
Pitch | Tooth Circle | _——perin. Pinion | — of 2. Corresponding heat of steam, B.Th.U.-hour _- 25,384,000 | 21,986,000 | 33,012,000 | 16,506,000 
Teeth. | Face. ft.-sec, | Face width| Brgs. | Helix. | 3. Heatinexhaust steam, B.Th.U.-hour .. ©... — 22472,000 | 19,464,000 | 30,963,000 | 14,800,000 
= Se! Ly, ae oe PRT 4. Heat required from reducing valve .. < eS ..| 35,000,000 | 12,528,000 | 15,536,000 4,037,000 | 20,200,000 
—— | 5. Total heat required from boilers, B.Th.U.-hour .. — ..| 35,000,000 | 37,912,000 | 37,522,000 | 37,049,000 | 36,706,000 
eo | | deg, | 6. Extra B.Th.U. kw.-hour compared with (a) ye ¥ — 5,824 | 5,044 4,098 3,412 
0.626 | 12 46.3 181 2 | 93° |7. Do. do. _ boilerand economic efficiency of 70 per cent. eed 8,320 | 7,206 5,854 4,874 
| 8. Extra coal in Ib. per kw.-hour a ve — | 0.6168 | 0.5337 0.4336 0.361 
' 


Reducing Turbines.—In a large number of industrial 
concerns, such as textile and dyeing works, chemical 
works, — factories, paper mills, breweries, &c., a 
supply of ting steam is necessary for sundry heating, 
boiling and drying processes, and at the same time the 
plant requires a considerable amount of power. By 
generating the heating steam at 150 to 250 Ib. per square 








obtained from the following table :-— 
Pressure of Heating Steam, lb. per aq. in. gauge. 
0 5 10 15 2 2% 30 3 4 45 50 
Saturated temperature, degrees F. 





| There are many processes requiring heati 


Thus the coal consumption of turbine scheme (d) |8 
44.2 per cent. lower than that of engine scheme (5), and 
23.1 per cent. better than the engine in scheme (c), which 
has a high efficiency. 
steam, in 


212 227.9 240 250 259 267 274 281 287 292 297.8| which the steam is passed directly into the liquid to be 
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heated; in-such cases it is imperative that the steam 
shall contain no trace of oil. Attempts have been made 
with back-pressure engines to overcome this difficulty 
by placing an oil separator between the engine and the 
heating apparatus. The most stringent guarantee which 
will be accepted by the best makers is that after passing 
through the separator the steam will not contain more 
than 0.35 grains of pot gallon of steam condensed. 
Such a separator, if to pass 40,000 lb. of heating 
steam per hour for 3,000 hours per annum would in a year 
allow 550 Ib. of oil to be carried over to the heating plant. 
Even in those cases where heaters of the surface type 
are employed the presence of oil in the heating steam is 
a serious disadvantage, because it leads to fouling of the 
pipes and heater surface, reducing the rate of heat 
transmission. As the steam from the reducing turbine 
is entirely free from oil it is in many cases the only type 
of prime mover which can be employed. 

The author wishes to express his best thanks to the 
management of the British Westinghouse Company for 
permission to publish much of the data, and for the 
preparation of many of the blocks. 





METAL MELTING IN A SIMPLE CRUDE-OIL 
FURNACE.* 


By H. S. Prmrrose (National Forge and Foundry). 


Nor every locality which has been selected for the 
large-scale melting and production of non-ferrous 
metals and alloys has been favoured with the possession 
of a high-pressure or cheap gas supply to facilitate opera- 
tions. Teeny firms have therefore been content to purchase 
various forms of fixed or tilting furnaces of the oil-fired 
type and found them satisfactory. The chief difficulty 
with the majority of these, however, has been to retain 


Fig. S/MPLE CRUDE -OIL FURNACE. 
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It has been found that the best arrangement is to have 
the whole furnace above the floor-level, so that no pit 
or special foundation is necessary, and the construction 
and keeping clean of flues are ws done away 
with. In the event of a crucible cracking in the furnace 
whilst full of molten metal, there is no difficulty in 
removing the spilled metal through the frontal opening, 
which is usually, in working, kept closed by luting in a 
firebrick. 

Air Supply.—The space between each pair of furnaces 
can be utilised in conveying the necessary pipe-lines 
for the air and oil supply close up tothe opening of the 
burner brick. Valves are, of course, required to regu- 
late the inlet of each, so that the correct pulverising 
of the oil into a suitable spray is effected to give the right 
flame completely to envelop the crucible and have a 
small flame protruding from the cover opening. 

The shape of the special burner brick allows the oil 
spray to spread out in a conical fashion, and, igniting on 
| entering the furnace with a tangential motion,-it causes 

the flame to sweep round in the annular space between 
| the furnace walls and the crucible before passing out 
| at the central opening in the firebrick cover. By using 
| a single burner Brick of the required shape, and also by 
having the firebrick slab for the floor of the furnace in 





needed. They are not nearly so destructive on crucibles 
as the various forms of gas flame emplo: in melting 
furnaces, and the ever-present trouble of clinkering, as 
with coke-firing, is completely done away with. The only 
resemblance to cleaning which must be attended to, 
and that only on occasion when the correct air quantity 
has not been maintained during a run with very heav 
or viscous fuel oil, is the deposition on the furnace 1 
opposite the burner of small accretions of solid carbon. 
It should never be allowed to interfere with the proper 
circulation of the heating flame, and the deposit must 
be barred off and removed when the crucible is withdrawn 
for pouring. 
ith 100-lb. pots there is no difficulty in withdrawing 
the crucible full of molten metal by hand, but when 
200-lb. pots are used it is advisable to resort to a 
mechanical aid such as the quadrant lifting arm, with a 
chain to hook on to the basket lifting tongs. This very 
much | the ch of accident and minimises the 
effect of unsteady lifting out when manual labour alone 
is employed. 
M elting Results.—In a properly organised brass foundry 
all mixtures are controlled by analyses, and the charges 
accurately weighed out, after bri — if necessary. 
In this way it is quite feasible to do without any fre 








one piece, there is no chance of leakage or pe of 
unconsumed oil, and as it is thus all burned inside the 
furnace, great economy in the heating power results, 
and uniform time of melting may be relied upon. 

The form of oil-burner depends upon what — of 
air-pressure plant is installed in the works. ere 
compressed: air is already in use it must be reduced in 
the foundry to not more than 25 Ib. = square inch 
effective pressure at the burner valve. The burner must 
then be of the special high-pressure design, which is 
found to be exceedingly effective in producing the neces- 
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or obtain the services of sufficiently skilled workers to 
operate the larger sizes so as to maintain uniformly good 
results both in the composition and strength of the 
castings and billets produced. 

_ The writer has been privileged to assist in the evolu- 
tion of a very simple and efficient type of fixed oil 
furnace introduced by the Crittall Manufacturing Com- 
pany for Government work, chiefly in connection with 
the rapid production of various grades of brass. The 
design is exceedingly simple, and permits of the use of 
unskilled labour Bonne maach in its operation. The 
working drawings (Figs. 1 to 4) are reproduced to scale, 
and show the plan and several elevations of a single 


furnace, which is the left-hand unit of a pair of similar | 


furnaces. 
Construction.—The furnace proper is constructed of 
the simplest engineering materials. The outer shell or 


casing is made of mild steel plates bolted together to | 


form a rectangular box, the height of which may be varied 
to take large or small-sized crucibles. The one illustrated 
is capable of holding 100 up to 200 lb. pots, their eleva- 


tion in the furnace being governed by the thickness of | 


stool employed to raise them from the floor brick. The 
lining is of ordinary firebrick set in ganister to leave a 
circular opening, the corners between the lining and casing 
being packed with sand as an insulating material. The 
top of the furnace consists of two cast-iron plates resting 
on the top ring of firebricks and leaving a circular opening 
over which the furnace cover is placed during melting. 
The platform for the workmen is conveniently made of 
chequer plates, carried round all four sides of the furnace 
on channel or angle bars. This top also serves as a 
runway on which to move about the two-wheeled lifter 
for the furnace cover, which consists of a circular flat 
firebrick with a conveniently small aperture in the 
centre. The cover is bound round with a stout band of 
‘ron which serves to hold it together, and to enable it 
to be moved aside by the prongs of the lifting carriage. 

*Paper read 
March 22, 1917. 





before the Institute of Metals, Thursday, 


sary pulverising action on the heaviest types of crude 
oil employed, and in this way high economy in melting 
| may besecured. Such low figuresas 1.5 gals, consumption 
| for each hundred pounds of brass melted can be consis- 
| tently maintained, The slightly increased cutting action 
| of the high-pressure burner flame, both on the furnace 
lining, where carbonisation is likely to result, and on 
the crucibles themselves, makes this extreme saving of 
oil a questionable advantage in view of the short life of 
| the crucibles and the more frequent patching required 
| for the furnace lining. 

Most satisfactory results have been obtained with 
the use of low-pressure burners, which can be used in 
eases where no high-pressure air system is in vogue. 
Small high-speed electric fans capable of producing about 
12 oz. air pressure (¢.¢., from 20 to 22 in. of water gauge) 
can be readily employed to work four furnaces simul- 
| taneously. The only precaution to be taken in such a 
case is that the furnaces should be started up from cold 
not more than two at a time, and those which are not 
immediately in use at any period can have the air supply 
cut off separately. 

The consumption in this method of working is slightly 
more than two gallons per 100 lb. of metal melted, but 
| against that must be offset the advantage of being able 
to melt with perfect regularity against time, as not more 
than 35 minutes are required to melt completely and pour 
100 Ib. of brass. 200-lb. charges require only 50 to 55 
minutes. 

Advantages.—In addition to the advantage of being 
completely operated by unskilled labour, these furnaces 
have the obvious advantage of being easily removable, 
as they can be set down anywhere on a reasonably smooth 
floor. Besides being exceedingly easy to repair, they are 
constantly under the most complete control, simply 
| by regulating the air and oil inlet valves. Their first 
| cost is not great, and repairs are a very small item in 
| their running. A large number have been in continuous 
| operation night and day for over a year without any 
| necessity for relining, and only slight attention to the 
| walls in the way of patching with ganister has been 














pper. Complete returns are kept of the work and 
output of enah shift, and these may be abstracted for 
each grade of metal made. The following table repre- 
sents one month’s output of “‘G”’ metal only :— 


Metals melted : Ib. 
Zine cae 65,920 
Cartridge cases 349,813 
Swarf Ante 709,218 
Scrap ... 357,549 

Total 1,482,500 


Flux used, 7,412 Ib. 
Aluminium deoxidiser, 920 Ib. 


Foundry Production : Number of melts 14,825 of 100 Ib. 


Ib. 

Billets produced, 124,855 = 1,312,225 

Scrap and spilled metal _... ove 26,539 
Metallic shot recovered from foundry 

dross . ant we ae 73,920 

Total 1,412,684 

Melting loss = 1,482,500 — 1,412,684 = 69,816 Ib. = 
4.7 per cent.* 


umber of furnaces working, 18 to 22. 
Total oil consumed, 32,599 gallons. 
Oil consumed per 100 Ib. of metal melted, 2.2 gallons. 


* The amount returned as loss is somewhat in excess 
of its actual value, as the weight of metallic shot recovered 
(33 tons) represents an average of only 60 per cent. of 
the total dross produced and treated by simple washing. 
Further treatment by concentrator revealed nearly 
30 per cent. more metal to be got out. 





ENGINEERING IN DeEeNMARK.—The Burmeister and 
Wain Shipbuilding Company, Copenhagen, in its report 
for last year, states that the year has been the best in 
the company’s history, in spite of the difficulties resulting 
from the war. There has nm an unp ted active 
demand for new vessels, especially large motor vessels, 


and orders have been received for a very | number. 
The progress of construction, however, has much 
reta 


ed through the difficulty of obtaining the requisite 
raw materials, and as a consequence the delivery of all 
new vessels will be much delayed. Owing to this, only 
four new vessels have been delivered during the year. 


The machinery department has been somewhat handi- 
cap by the shortage of skilled labour. The steel 
works and heavy forging shops have been very fully 


employed. The repair work carried out has been very 
comprehensive, and as the firm had taken steps to be 
well stocked with raw material in this connection, la: 
repairs could be undertaken. The contract with t 
Burmeister and Wain Diesel Engine Com y, Limited, 
Glasgow, has been terminated, a royalty agreement 
taking its place; the shares have been taken over in 
Great Britain. During the year three Diesel motor 
vessels and a cargo steamer have been delivered, for an 
aggregate gross tonnage of 19,709 tons, against 26,719 
tons for the previous year. There had been 216 home 
and 92 foreign repairs, the floating dock had been used 
by 140 vessels, and the dry dock by 36 vessels. In 
addition to the motors for the vessels delivered the firm 
had in hand marine Diesel engines for an aggregate 
capacity of 4,020 h.p. and land Diesel engines for an 
aggregate capacity of 5,070 h.p. In wages a sum of 
5,572,000 kronen had been paid during 1916, against 
5,092,000 kronen in 1915 and 4,633,800 kronen in 1914. 
The company can now, says the report, view the future 
with more confidence than ever; the financial ition 
has been thoroughly consolidated; there is a sufficiency 
of raw material in stock to keep the repair department 
going in full swing; the machinery department is full 
employed, and contracts are booked for motor vesse 
for a series of years. The profits amount to 9,015,380 
kronen. The shareholders receive a dividend of 25 per 
cent. The Frederikshavn Shipyard and Floating Dock 
Company, which, during the last year or two, 
materially extended its plant, also reports a satisfactory 
result tor 1916. The net profits amount to 377,751 
kronen, the shareholders obtaining a dividend of 20 per 
cent. Two motor vessels had during the year been 
delivered to the East Asiatic Company, and two cargo 
steamers of 2,000 tons each and three of 2,600 tons each 
were in course of construction; 129 vessels had been 
repaired during last year. 


(1 krone = ls. 1}d.) 
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ON AN ELECTRIC RESISTANCE FURNACE 
FOR MELTING IN CRUCIBLES.* 


By H. C. Greenwoop, D.S8c., and R. 8. Hutton, D.Sc. 
(Sheffield). 


Some few years ago the authors carried out a series 
of experiments with the object of improving the quality 
of a range of nickel-silver alloys currently produced at 
their works for subsequent rolling into sheet metal. 
In the electro-plate trade up to two-thirds of the 
sheet metal is returned to the melting-pot as scrap, 
and any fresh nickel required in the melting charge is 
previously alloyed with copper. 

Observation showed that the properties of these alloys 
were tly influenced by impurities, and that the 
conditions of melting played an important part in the 

roduction of material with the best working qualities. 

ring in mind the necessary utilisation of scrap, it is 

obvious that any contamination due to the fuel, ¢.g., 
sulphur, would tend to be cumulative. 

t was found that in these respects gas offered 
advan over coke, and as other papers are to be 
presen: at this meeting of the Institute bearing on this 
subject, the following brief remarks may be permitted 
to summarise the authors’ experience of gas melting, so 
far as nickel silver is concerned. 

The advantages of gas over coke were (1) the greater 
ease of regulating the heating and maintaining a slightly 
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reducing atmosphere; (2) lower sulphur content; (3) 
greater ductility of the alloy, demonstrating itself both 
by the ordinary mechanical tests as, e.g., higher elongation 
and greater endurance under torsion, as also in the 
facility of the production of difficult ‘‘spinnings,” a 
matter of great practical importance. 

The disadvantages of gas compared with coke, some of 


which it is hoped are overcome by improvements in the | 


furnaces to be described by other authors, were :— 
(1) Noise ; fumes and hot gas when furnace uncovered 
for charging, &c. ; (2) decreased life of plumbago crucible ; 
(3) greater zinc losses, owing to rapid currents of gas ; 
(4) slower melting, a point of vital importance for 
ordinary commercial work. 

The fuel costs of working (at that time Sheffield gas 
of 560 British thermal units gross per cubic foot was 
available at ls. per 1,000 cub. ft., and metallurgical coke 
at 27s. per ton) were sufficiently near for practical 


a 3 4 . 

ith this experience, and the desire to be able to melt 
the alloys under more perfect conditions, the authors 
decided to make experiments with an electrically-heated 
furnace, large enough to take the usual 100-lb. crucible. 

An electric furnace of the resistance type was expected 
to have advantages over a gas furnace as follow :— 

1. Owing to its quiescent state the atmosphere of the 
furnace would be complete y reducing (since carbon 
could be introduced into the pot or into the furnace 
chamber), while loss of spelter would be greatly 


diminished. | of nickel silver used for difficult spinnings, &c., which 


2. Much less sulphur contamination. | 

3. Greatly enhanced life of the crucibles. | 

4. Improved quality of the metal. 

As regards the choice of the type of furnace to be 
employed, the authors were influenced by the con-; 
sideration that it is often necessary to make different | 
grades of nickel silver in — succession ; a furnace | 
of large capacity or one which requires metal to be left | 
in it, as the induction furnace, would therefore be un- 
suitable. Further, in order to avoid the high current 
required for a cylindrical resister, a resistance consisting 
of carbon rods connected in series seemed the most 


* Paper read before the Institute of Metals, Thursday, | 
March 22, 1917. | 





furnace now to be described was construc The 

neral form of the furnace can be seen from Fig. 1. 
ixteen carbon rods of 1 in. diameter and 19 in. length 
were arranged in a 13-in. circle, and connected by means 
of graphite blocks alternately at top and bottom to form 
two parallel sets, each of eight in series. Current 
was supplied to the two sides of the circle by means of 
graphite rods ground into holes in the blocks A and B 
(the carbon rods made electrical connection in the same 
| manner). 

The graphite rods were soldered into water-cooled 
terminal blocks, on to which the supply cables were 
bolted. To protect the carbon rods from oxidation a 
mixture of carborundum fire-sand and sodium silicate 
| solution was pasted round them. Owing to an insufficient 
| supply of carborundum fire-sand, the heat insulation 
|of the furnace consisted entirely of kieselguhr. This 
| material is not very refractory, and was rather badly 
| shrunk near to the resisters, which probably somewhat 
| lowered the efficiency of the furnace. A better method 
| of heat insulation would be that shown in Fig. 2, the 
|inner layer A consisting of carborundum fire-sand or 
| ordinary sand, and the outer one of kieselguhr B. The 
| carbon rods here are shown encircled almost completely 
| by suitably-shaped carborundum bricks, only a narrow 
slit remaining to be filled up with the paste, which on 
| large surfaces tends to drop out. One has here the 
| advantage of the very high thermal conductivity of 
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| carborundum bricks serving to equalise the heat generated 
in the resisters. The importance of good thermal 
conductivity of refractories is often overlooked, e.g., in 
externally-heated muffles, crucibles, &c. 

In the following table are given the particulars of a run 
|on the furnace, using charges of 90 lb. of nickel silver 
| scrap :— 
| First Heat. 


| | Kilowatts 
Current. | on on 
Furnace. | Furnace. 
| | 


Time 
From, 
Start. 


Voltage 
Remarks. 


Hrs. Amps. 
200 
240 
280 
300 
310 
310 


Mins. 
- . Crucible put in. 
0 30 
0 
30 
0 
0 


71 
68 


60 
60 Melt finished and 


removed. 


30 
0 
35 


280 
290 
300 
300 


65 

63 

61 

| 61 Melt finished and 
} removed 

In the above test the times of melting were 3 hours 

and 1 hour 35 minutes for the first and second heats 

oe yay while the energy consumptions were 53.6 

and 29.2 kw.-hours respectively per 90 Ib. of metal 

melted. On the basis of five heats per day (the furnace 

being started up cold every morning), and assuming the 

last three heats to require the same energy consumption 

112 


as the second, average energy per cwt. = 34.1 x 


= 42.5 kw.-hours; cost at 0.8d. per unit = 34d. 
Although this cost is rather high (partly owing to the 
circumstances mentioned above), this would be largely 
compensated by the greatly increased life of the plumbago 
lerucible. After several heats the (new) crucible used 
showed practically no change in appearance, not having 
| suffered surface glazing or removal of graphite by oxida- 
|tion. Crucibles heated in gas furnaces fake very badly 
| owing to the latter cause after a few heats. 
Remembering that one could probably considerably 
increase the efficiency of the furnace on which the above 
estimate is , the cost of electrical melting would 
| seem to be not prohibitive, at any rate for special qualities 


demand the highest possible ductility. 

The actual thermal efficiency in the furnace was about 
22 per cent. as compared with about 6 per cent. in the 
case of gas heating. 

The further development of this furnace was postponed, 
owing to the difficulty of obtaining carbons in this 
country at the commencement of the war. A description 
of the work in this incomplete form is, however, given 
with the object of encouraging others to devote their 
attention to the development of a commercially practic- 
able electric furnace. 
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. Girod, French patent 329822, and additions. English 
patents 13696, 14333, and 23402 of 1905. 
F. A. J. FitzGerald, Electro-Chemical Industry, 1905, 
vol. iii, page 55. 








CATALOGUES. 

Engineering Contractors.—From Messrs. Noyes Bros, 
of 499, Bourke-street, Melbourne, and 115, Clarence. 
street, Sydney, Australia, we have received a booklet 
illustrating some of the contracts they have carried out. 
These range from the complete installation of electric 
tramways—including the generating plant—down to 
the supplying of individual machines for quite insignificant 
services. Besides being in a position to design and erect 
almost any type of industrial plant, Messrs. Noyes keep 
stocks of such materials as pipes, tubes, wire, roofing 
a cement, rails, billets, pig-iron, and engineers’ 

ttings. 


Oil Engines.—The g 1 characteristics of the semi- 
Diesel oil engines manufactured by Messrs. Petter, 
Limited, of Yeovil, are so well known to the readers 
of ENGINEERING that it is unnecessary to enlarge upon 
them here, but it is noteworthy that in their latest cata. 
logue the makers announce a new refinement. It takes 
the form of a governor which not only regulates the 
quantity of fuel delivered to the engine in proportion 
to the speed, but also controls the moment of injection 
| in proportion to the load. By these means a turning 

moment even more regular than that obtained heretofore 

is secured. The catalogue gives full particulars and 
illustrations of engines developing up to 70 brake horse- 
power per cylinder, or from 10 up to 280 hp. per unit. 


Disinfecting Apparatus.—A booklet and catalogue on 
steam disinfecting apparatus has lately been issued by 
the Grampian Engineering Co., Limited, of Stirling, and 
43, Aldwych, London, W.C. In it the history of dis- 
infection by means of steam is thoroughly gone into, 
and the fact demonstrated that the most satisfactory 
process is that utilising steam under a pressure of from 
10 to 15 lb. per square inch, or, in cases where the accom- 
panying temperature would be detrimental to the fabrics 
to be disinfected, exposure to a vacuum followed by 
e to formalin fumes. [Illustrations and par- 
ticulars are given of a large variety of apparatus employ- 
ing these principles, some being stationary while others 
are portable. Among the latter class are a large number 
of disinfectors recently supplied to the British Govern- 
ment. 


Drilling Machines.—Messrs. William Asquith, Ltd., of 
Park Works, Halifax, England, claim that theirs 
are the largest works in the British Empire specialising 
in drilling and boring machines. A very fine catalogue 
which this ve recently issued shows how 
thoroughly they have equipped their factory, one of the 
latest additions being facilities for testing electric 
motors—after they are fitted to drilling machines—of all 
kinds, both alternating or direct current up to 600 volts. 
Se oe drilling machines have frequently been described 
in ENGINEERING, and it is thus unnecessary to go into 
the details of their construction here, but it is note- 








| worthy that the catalogue includes machines for the 


most diverse kinds of services, such as drilling boiler 
shells, locomotive side frames, deck plating, large tanks 
and armour plates. 


Rateau Turbines.—The British Westinghouse Electric 
and Manufacturing Company, Limited, of Trafford Park, 
Manchester, have sent us a copy of their new catalogue 
of Rateau turbines. This has a value quite apart from 
its utility as a trade publication, since it gives in simple 
language a description of each principal constituent of 
the complete turbine, and of the reasons for adopting 
the particular arrangement shown. The mechanical 
details illustrated have evidently been designed with 
great care, and special note should be taken of the great 
inherent strength of the connection between the blades 
and the wheels which carry them. There is included 
in the pamphlet also a somewhat detailed discussion 
of the essential differences between impulse and reaction 
turbines, though this is, naturally enough, written in 
the spirit of an advocate, and the claims made for 
the impulse system would not, of course, be admitted 
in their entirety by builders of other types. The 
turbines illustrated and described include ordinary 
high-pressure turbines, exhaust-steam turbines, mixed- 
pressure turbines, and back-pressure and reducing 
turbines. These latter types are proving of great value 
in certain industries where a supply of steam of moderate 

ressure is required for special purposes. It has been found 

ighly economical to generate such steam at a much 
higher pressure than these special purposes require, and 
to expand it down to this pressure in a turbine, which 
thus provides almost asa by-product such power as may 
be needed in the factory. The firm, we note, are also 
now supplying small turbines rated at as little as 25 kw. 
These have a single velocity compounded wheel, carrying 
two or three rows of blades, and are light and compact, 
whilst their steam consumption compares favourably 
with that of ordinary reciprocating engines of similar 
output. A special word of commendation is due to the 
excellence of the text and illustrations. 








Tue Panama Canat.—We read in The Panama 
Canal Record that, including the 1,253 ships making the 
transit in 1916, the total number of ships which used 
the Canal from its opening, on August 15, 1914, to 
January 1, 1917, was 2,780. Their gross tonnage wis 
13,086,535 tons and their net tonnage 9,209,503 vee 
The total quantity of cargo which was carried through 





pages 79 to 83. See especially H. G. Dorsey, Transac- 


the Canal was 11,652,405 tons. 











